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To Members of the Institute— 


I. ASSUMING the duties as your 
president, I welcome the opportunity afforded 
through ELECTRICAL ENGINEERING to express my 
deep appreciation of the honor you have conferred 
upon me and to say a few words concerning the 
activities of the Institute for the coming year. 

We are passing through a most difficult period 
and if we were to approach the year ahead with the 
least hesitancy or lack of confidence, we most cer- 
tainly would not make the progress’ which has been 
so characteristic of the Institute in past years. How- 
ever, we do not lack confidence as to the future; we 
recognize that we have but paused in a forward 
movement toward even greater technical and pro- 
fessional achievements. If we recognize this period, 
therefore, as a golden opportunity to consolidate our 
forces and build an even better organization for the 
future opportunities so definitely ahead of us, I am 
sure that we will not only carry on with still greater 
benefit to each other and to society as a whole, but 
also we will establish an even higher esteem in the 
mind of the public as to the importance and value of 
our profession. 

We have but to look back a relatively few years to 
realize the remarkable advances that have been 
made in a short span of time in all phases of the arts 
and sciences with which we are concerned. Not a 
day passes without new vistas opening before us 
and revealing the way to new opportunities which 
cannot but lead to further material improvements 
and social advancements. Occasionally we hear the 
question raised as to whether scientific research and 
the general extension of engineering knowledge are 
not proceeding too rapidly for the common good, and 
consequently by some process might better perhaps 
be retarded. Aside from the impracticability of such 
considerations—touching as they do on man’s 
curiosity about the unknown, or the stopping of the 
flow of new things which man believes to be valuable 
additions to social life—those who have given these 
matters serious study realize that the problem centers 
not in the products of science, but rather in the fact 
that our knowledge as to the proper use of the results 
of our scientific advancements has not developed 
nearly as rapidly as have the products of our research 
and engineering activities. These are matters which 
we of the Institute who are concerned in one way or 
another with the fundamental or applied sciences 
must consider. Our opportunity lies before us in the 
shance to help to bring about the effective general 
understanding of these matters that seems so neces- 
sary. 

Not only in those things of which I have spoken, 
put likewise in the general solution of the problems 
which confront the world at large at the present 
‘ime, there is urgent need for the help of individuals 
rained to discover facts and able to turn our efforts in 
the directions which such facts indicate. By basic 
raining and practical experience, the engineer is 
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indeed qualified to assist in just such a challenging 
task, and I am confident that we shall find him taking 
an ever greater and greater part, in full cooperation 
with others, in finding the solution of the serious 
problems confronting our nation and the world in 
general. 

It seems to me, therefore, that we are in an era 
when the problems of the engineering profession are 
undergoing some rather important changes in their 
fundamental aspects, but in spite of our present 
temporary difficulties, I believe that these very 
changes, as well as other factors, all point to further 
progress and opportunity for those of our profession. 

Within the Institute itself, this next year naturally 
will present many difficult problems and we should 
be prepared to shape its policies and procedures to 
conform to the times and conditions as encountered. 
Financial matters will require most careful considera- 
tion to the end that, while maintaining the financial 
integrity of the organization, we may as far as prac- 
ticable continue the essential services to our mem- 
bers. I bespeak your hearty support of the head- 
quarters and committee personnel faced with this and 
other important problems incident to these trying 
times, including the difficult questions involved in 
the Institute’s publication services. 

To our committees and the activities of our Sec- 
tions we look, as in the past, for the spreading of 
interest and the enhancement of the value of our 
society to our members. At no time in Institute 
history have the activities of these groups been more 
important than at present, when it is hoped that we 
may not only hold together our great organization 
to as nearly as possible its full membership, but also 
add to its strength and solidarity. 

Always of the greatest value, but now of more than 
usual importance, I believe, are the activities of our 
Student Branches. The problems confronting our 
younger members are more than usually difficult at 
this time, and it is hoped that the cooperation be- 
tween our Sections and Branches may be fostered to 
an even greater and more effective degree than in the 
past. Such contacts must inevitably result in mutual 
encouragement, and benefit not only our student 
members but also our older members. 

As for myself, my service in the Institute long has 
been one of my greatest pleasures, and I welcome 
with keen anticipation the new opportunities which 
will be afforded me as your president to break down 
the barriers that distance creates for us, visiting 
again the various Sections, and through professional 
as well as personal contact have the privilege of carry- 
ing on with you the important activities which we 
shall find in hand during the coming year. 


PRESIDENT 
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Modern Developments 
in Precision Timekeepers 


Clocks of the gravity or pendulum type 
have for many years been used as precision 
timekeepers; but through recent refine- 
ments they have been made more accurate 
and reliable. Another development of 
the last decade is the use of the elasticity 
of quartz crystal oscillators as the restoring 
force in precision timekeepers; this has 
been made possible by the vacuum tube 
and associated electrical circuits. Both 
types of timekeepers are discussed in this 


article. 
By 
ALFRED L. LOOMIS Loomis Laboratory, 
NON-MEMBER Tuxedo Park, N. Y. 


W. A. MARRISON 


ASSOCIATE A.1.E.E. 


Bell Tel. Lab., Inc., 
New York, N. Y. 


A. THE BEGINNING of the pres- 
ent century it was believed by many that the limit of 
accuracy attainable by mechanical clocks had been 
reached. This presumption was based on the per- 
formance of specific mechanisms which had indeed 
been brought to a high state of perfection, but this 
presumption did not allow for the possibility of other 
types of mechanism for measuring time or for certain 
refinements which since then have more than doubled 
the accuracy and reliability of the best clocks then 
available. 

As the words clock, chronometer, etc., have come 
to have definite technical meanings in the art, the 
more general term “‘timekeeper,’”’ will be used. In 
the broadest sense a timekeeper may be defined as 
any physical means that can be used for the subdivi- 
sion of time into intervals known in terms of a stand- 
ard time interval. Thus, any periodic phenomenon 
can be adopted in a timekeeper provided its period 
can be recorded in terms of another. In this sense 
the earth and the moon are timekeepers, as are vi- 
brating pendulums, tuning forks, and other sustained 
oscillators. 

As all man-made timekeepers are essentially “‘oscil- 
lators’”’ consideration will first be given the equa- 
tion of motion of a simple oscillator which can be 


Essentially full text of ““Modern Developments in Precision Clocks’’ (No. 
32-52) presented at the A.I.E.E. winter convention, New York, N. Y., January 
25-29, 1932. 
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expressed as Mx + Rx + Sx = A sin (#t + ¢) 
where J corresponds to the mass, R& to the resistance 
or damping and S to restoring force proportional to 
displacement x. The right hand term represents the 
sustaining force required on account of the dissipa- 
tion of energy in the oscillator. For an oscillator to 
be a perfect timekeeper, all of the quantities, W/, R, S, 
A,and ¢, must remaininvariable. While and S are 
the chief rate governing quantities, the others from a 
design point of view are the most difficult to control. 

The ultra precise practical timekeepers of today 
may all be contained within 2 classes, depending upon 
where S (the restoring force) is 


1. Gravity (as in pendulum clocks) 
2. Elasticity (as in quartz crystal oscillators) 


The second class is a development of the last dec- 
ade and was made possible by the development of the 
vacuum tube and associated electrical circuits. In- 
tercomparisons between timekeepers of the 2 classes 
provide a most valuable means for the study of 
changes in gravity and related phenomena. These 
2 classes are discussed separately. 


GRAVITY TIMEKEEPERS 


Unfortunately the motion of a pendulum is not 
quite simple harmonic motion since the restoring 
force varies as the sine of the angular displacement 
(instead of directly as the displacement) and there- 
fore the period is not truly independent of the ampli- 
tude. This can be seen from the equation of motion 
of the pendulum which in its simplest form, neglect- 
ing damping and sustaining forces, is 


Mle + Mg sin 6 = 0 


The free period T for any given angular displacement 
can be expressed by the series: 


T= ara (1 + 0.0625 a? + 0.00358 at +. . .) 


where a is the maximum deflection from midswing 
expressed in radians. The corresponding change in 
rate expressed in seconds per day is shown in the 
curve, Fig. 1. Various attempts have been made to 
construct pendulums having a period independent of 
arc, but mechanisms to accomplish this result always 
have introduced larger irregularities than those which 
they attempted to cure. Practical design has been 
confined to keeping the amplitude small and to pro- 
viding a governing action so that any slight increase 
in amplitude causes an opposing tendency to decrease 
the amplitude, or vice versa. 

The old anchor recoil escapement accomplished 
this by increasing the friction on the pendulum with 
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ncrease of amplitude. The inertia escapement in 
he Shortt clock attains a similar result without the 
erious disadvantage of introducing friction. This 
nertia escapement is based on the principle that a 
veight rolling down an inclined plane applies a 
reater horizontal force to a slowly moving plane than 
oafaster moving one. A suitable inclined plane at- 
ached to a pendulum receives an amount of energy 
oughly inversely proportional to the amplitude, or to 
he velocity at midswing. As the amplitude in- 
reases, the energy delivered into the system becomes 
ess. But in spite of these controls the amplitude 
loes vary in fact, which at the present time probably 
ccounts for more irregularities than any other fac- 
or. Dr. J. Jackson has shown that if the daily 
umplitude is regularly recorded and’ the clock rate 
‘orrected accordingly, a number of the irregularities 
n the Shortt clocks at Greenwich can be explained. 

If a direct amplitude control could be applied to a 
‘lock, such corrections should not be necessary. Such 
1 method is now being tried on a Shortt clock in the 
Loomis Laboratory. When the amplitude of the 
sendulum exceeds a predetermined amount by even 
).0001 in., a signal is sent, via a pointed electrode 
which hangs in the evacuated pendulum casing, to a 
vacuum tube which operates a relay, so that the next 
30-sec. driving impulse is omitted. The electrode is 
30 adjusted that about every fifth impulse is omitted 
n this way. With this control the constancy of rate 
uppears to be improved, but at least a year’s record is 
1eeded for conclusive proof, as the variations which 
this device seeks to control usually only occur at in- 
ervals of several months. 

The complete solution for the period of a pendulum 
winging in a resisting medium, such as air, involves a 
actor 7/1 + k&R? where R is the resistance to motion 
und k is a constant depending on the structure of the 
oendulum and the nature of the drive. Although it 
would appear from this that all pendulums should be 
yperated in a high vacuum, practically it has been 
ound that, from the standpoint of stability of period 
with pressure variation, the most satisfactory pres- 
sure for the Shortt clock is about 15 to 20 mm. of 
mercury. When the pressure is very low or at zero, 
he arc when not definitely controlled is very un- 
stable and causes large changes in rate; but in the 
1eighborhood of 15 mm. of pressure there is a sta- 
pilizing action due to the air friction, and a neutraliza- 
‘ion of the following four effects of pressure variation: 


.. Change in the restoring force due to buoyancy of the pendulum 
n air. 


.. Change of center of gravity due to buoyancy when the pendulum 
s made of dissimilar materials. 


3. Change of effective mass due to air carried along by the pendu- 
um. 


1. Change of friction and consequent change in arc. 


The first and fourth are probably of greatest im- 
yortance. With decrease in pressure the first de- 
‘reases the period and the fourth increases it. At 
he critical pressure the 2 effects are about equal and 
ypposite. In the determination of gravity, where 
yery precise pendulums are used, all of these factors 
nust be considered carefully. 

When the amplitude control device previously de- 
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scribed is used, the pressure can be reduced to a small 
fraction of a millimeter, which thereby reduces the 


effect of friction toa minimum. The term +/1-+ kR? 
then becomes practically unity and the required sus- 
taining energy can be very much reduced. 


VARIATIONS IN INERTIA 


Because of its effect on inertia, the expansion of the 
pendulum with temperature must either be reduced 
or compensated for. At the present time practically 
all clocks of high precision employ invar pendulum 
rods with bobs of type metal or invar. The bob 
rests on an expansion collar, the dimensions of which 
are calculated to compensate for the lengthening of 
the rod. Some recent studies in Japan have pro- 
duced a “‘super-invar,’”’ to use the expression given, 
which may have a zero or even a slightly negative co- 
efficient of expansion. If these new alloys are as 
stable as invar, they may have an important use in 
precision clock making, as the entire pendulum could 
be made from a single piece of material. 

With the new technique recently developed in the 
laboratories of the General Electric Company it is 
now possible to produce pieces of clear fused quartz 
large enough to construct the entire pendulum for a 
clock. Some experiments are now being conducted 
with such clocks in the Loomis Laboratory. Fused 
quartz has a temperature coefficient of expansion of 
about 0.5 part in 10° per deg. cent. A temperature 
variation of one degree would therefore cause a 
change in rate of only 0.02 sec. per day due to this 
effect alone. Inaconstant temperature vault with a 
fused quartz pendulum a variation of 0.01 deg. would 
affect the rate only 0.0002 sec. per day; means have 
been developed whereby temperature can be con- 
trolled to within 0.01 deg. over long periods. 
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ARC IN DEGREES 


There are 2 other major effects which should be 
considered in connection with pendulum length. 
These are (1) variations in the position of the point 
of oscillation, and (2) the instability of materials 
with time, in other words, aging. The effect of knife 
edge wear on the period of an ordinary pendulum is 
appreciable. A wearing of 0.001 mm. will change the 
rate of a seconds pendulum nearly 0.1 sec. per day. 
Largely for this reason, a flexible spring suspension 
of elinvar‘ is used in most precision clocks. But even 
the spring is suspected of changes in length, and, what 
is just as bad, also of variation in stiffness which 
would change the point of flexure and the restoring 
force. Aging effects in the pendulum rod can be re- 
duced only by finding better materials. It may be 
that fused quartz or possibly some large single crystal 
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will be found finally to be the most suitable material 
to use. 

The effect of knife edge wear on the period of a 
pendulum in theory can be avoided almost entirely by 
suspending the pendulum at a distance from its cen- 
ter of mass equal to the radius of gyration about that 
point. This simple principle of mechanics has of 
course long been recognized and experiments are be- 
ing conducted in Germany® and elsewhere to deter- 
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Fig. 2. Shortt clock mechanism and circuit 


mine its value in a precision timekeeper. In the case 
of a uniform straight rod this distance should be 
u ; 
2/3 of the total length from the center. With this 
condition fulfilled a change in this length due to knife 


edge wear of one part in a thousand would affect the 
period less than one part in a million. 


THE DRIVING FORCE 


The terms on the left-hand side of the fundamental 
equation at the beginning of the article have been 
considered briefly. The right-hand term—the driv- 
ing force—and especially the quantity ¢, the phase 
angle, which presents perhaps the most difficult 
problem in the design of all timekeepers, will now be 
considered. 

The impulse should be delivered to the pendulum 
at the time when the velocity is at maximum; that is, 
at the center of the swing, in order to reduce to a 
minimum the effect of variations in the driving force 
upon the rate. If the impulse is applied before the 
instant of maximum velocity, the rate is increased 
momentarily. If the impulse is applied after the in- 
stant of maximum velocity the reverse is true. Of 
course the impulse actually is of finite duration and 
the desired effect is approximated by supplying the 
pulse symmetrically with respect to the instant of 
maximum velocity, thereby tending to neutralize the 
acceleration and retardation effects. The necessity 
for this method of applying sustaining power pulses 
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to a pendulum has been realized almost from the be- 
ginning of precision clock history but cannot be over- 
emphasized. 

The 3 clocks most often recognized as precision 
timekeepers are the Leroy, Riefler, and Shortt. One 
or more of these is to be found in most of the impor- 
tant time laboratories and astronomical observatories 
throughout the world. In the Shortt clock the 
impulse to the master pendulum is controlled by 
means of an auxiliary or “‘slave’’ pendulum which in 
turn is automatically synchronized with the master 
pendulum to within +0.003 sec. at all times. The 
means by which this is accomplished can be seen from 
Fig. 2 which shows the master and slave pendulums 
with all the essential control elements, and the count- 
ing or time indicating dials. Although the master 
pendulum determines the rate of the system, the slave 


Fig t23.: 
Quartz crystal with zero 
temperature coefficient 
used in crystal clock 


(A bove) 


Fig. 4. (Right) Com- 
plete 100,000-cycle 
quartz oscillator 


pendulum and associated mechanism does the work of 
releasing the driving pulses at the proper time. The 
slave pendulum, through a jeweled ratchet and pawl- 
operated count wheel, releases mechanically a weight 
arm once each 30 sec. at just the right time so that a 
small wheel on the gravity lever, rolling down a 
curved inclined track associated with the slave pen- 
dulum rod, imparts the sustaining impulse to it. 
As soon as the mechanical impulse is delivered, this 
arm closes an electrical contact which resets the 
weight arm before the return swing of the pendulum, 
in readiness for the next 30-sec. impulse. The cur- 
rent which resets the slave clock drive also releases 
the impulse mechanism for the master clock thereby 
avoiding the use of any mechanical connection with 
the master pendulum other than that of the impulse 
wheel. As in the case of the slave drive mechanism, 
the impulse lever makes an electrical contact after 
delivering its impulse to the master pendulum, which 
resets the gravity arm and in addition operates the 
“hit and miss’’ synchronizer on the slave clock. The 
slave pendulum normally runs a little slower than the 
master and is speeded up when necessary by means of 
a spring attached to the pendulum rod which is en- 
gaged by the synchronizer whenever the slave lags 
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by more than 0.002 sec. behind a definite phase re- 
lation to the master. 

There are reasons to believe, however, that small 
changes in phase do occur, especially with variations 
in amplitude. Probably future improvements in 
gravity timekeepers will include improved methods 
for keeping the phase of the driving force more nearly 
constant. 


CRYSTAL OSCILLATORS AS TIMEKEEPERS 


Within recent years developments in methods of 
keeping time have progressed so far that the con- 
stancy of rate of certain mechanical resonators, main- 
tained in vibration by vacuum tubes, may be com- 
parable with that of the best pendulum clocks. Such 
oscillators have the chief attributes of a good clock 
and can be used to operate or control a wide variety 
of time mechanisms with even greater versatility than 
the conventional pendulum. 

The most accurate oscillators of this type known to 
the authors are controlled by plates of quartz crystal 
vibrating at a high frequency; that is, high in com- 
parison with the frequency of a pendulum. Probably 
the most accurate of these at the present time is a set 
of four 100,000-cycle oscillators that has been built by 
the Bell Telephone Laboratories principally for use as 
a primary frequency standard. These laboratories 
also have supplied a similar set of oscillators for the 
same purpose to the U.S. Bureau of Standards. 

In this type of oscillator the frequency is controlled 
by a ring of quartz crystal as shown in Fig. 3, about 
3in.in outside diameter. The frequency of the oscil- 
lator is the same as that of the crystal; that is, 
100,000 cycles per second. One complete oscillator 
including temperature and pressure controlled crystal 
and shielded vacuum tube circuit is shown in Fig. 4. 
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Curve 1. Rate comparison between crystals 1 and 2 
Curve 2. Integral of curve 1, showing running comparison 
Curve 3. Indicated time of one crystal clock vs. corrected 

signals from U.S. Naval Observatory 


Performance data for crystal clocks 


In order to operate clock mechanisms in the most 
direct way it is necessary to control from this high 
frequency another which is low enough to operate a 
synchronous motor. This is done by an electrical 
circuit known as a sub-multiple generator which con- 
trols one frequency at a definite fraction of another in 
absolute synchronism. Several types of circuit have 
been used for this, all of which are as positive in ac- 
tion as a set of gears. Usually the low frequency 
used to operate the motor is 1,000 cycles. Each 
pole on the motor in motion therefore corresponds 
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to one millisecond in time; hence, any variation in 
the motor mechanism or operation can amount at 
most to a fraction of .a millisecond. Such a motor 
can be used to operate time indicating or measuring 
apparatus in a wide variety of forms. 

As a rate controlling element a crystal of quartz 
used in this way has a number of outstanding useful 
properties. As previously discussed, the rate of vi- 
bration is controlled chiefly by the effective mass and 
stiffness of the resonator. On account of the chemi- 
cal stability of the substance SiO, and the physical 
stability of the crystal structure of quartz these may 
be expected to be constant to a high degree. At the 
present time, variations introduced by the vacuum 
tube circuit and the crystal mounting are such that 
no conclusive evidence of aging in the quartz has 
been obtained. 

Since the elasticity is a constant for such displace- 
ments as are required (amounting to less than one 
part in 100,000 change of dimensions) the rate is sub- 
stantially independent of amplitude. The amplitude 
can be controlled at nearly a constant value, however, 
by proper adjustment of the vacuum tube circuit. 

The temperature coefficient of frequency can be 
made as near to zero as required at any given operat- 
ing temperature by properly adjusting the shape of 
the resonator. Crystals which have been in con- 
tinuous operation for 3 years have not shown any 
appreciable change in this adjustment. 

Crystals are not affected by gravity or magnetic 
fields and can be shielded readily from electrostatic 
fields. They can be mounted so as to be relatively 
immune to vibrations which always seem to be pres- 
ent in the earth, especially near traveled roads and 
manufacturing centers. This may be found to be an 
important factor in the location of accurate clocks in 
cities or near earthquake zones. The crystals re- 
ferred to above are mounted on the seventh floor near 
a much traveled thoroughfare in New York City. 

The electromechanical coupling to a crystal for im- 
parting the sustaining energy to it makes use of its 
piezo activity. As far as has been determined there 
is no increase in decrement directly due to this means 
of coupling, although of course through this coupling 
properties of the electrical circuit such as damping 


Fig. 6. Special light interrupter 
for the production of accurate tim- 
ing signals by means of a photo- 
electric cell 


may be manifested in the crystal. 


The logarithmic 
decrement of a 100,000-cycle low-coefficient crystal 
mounted in air at atmospheric pressure and coupled 
into the electrical driving circuit is about 0.00012. 
Probably the largest rate disturbing factors in the 
crystal clock at the present time are due to effects of 


the phase ¢ of the applied driving force. This factor 
varies slightly with circuit variables, aging of vacuum 
tubes, and power voltage variations. Developments 
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now in progress indicate, however, that the effects of 
these variables can be greatly reduced, and a marked 
improvement in performance should result. The 
performance, as clocks, of a pair of crystals is shown 
for a 3-month period in Fig. 5. 

While the crystal clock assembly is more costly 
than a pendulum clock and requires more elaborate 
associated electrical equipment, it is believed for 
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Fig. 7. Oscillograms of time signals produced by 
photo-electric cell method 


Oscillogram 1. Direct signal (a) obtained from photoelectric cell 
Oscillogram 2. Direct signal (6); and (c) the same signal transmitted 
by radio. A method is indicated for marking every 0.1 sec. 
Oscillogram 3. Direct signal (d); and (e) same signal rectified for re- 

cording with only 0.01-sec. resolution 
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Fig. 8. Proposed method for production of accurate 
time signals by photoelectric cells 


many purposes to be decidedly superior because of its 
great versatility. For example, its rate can be ad- 
justed at will over a sufficient range to allow for such 
aging effects as occur. Also, the phase, or indicated 
time, can be adjusted with extreme accuracy. This 
can be done most advantageously in the electrical 
circuit by means of a phase shifter which operates 
continuously through 360 electrical deg., or any frac- 
tion or multiple thereof. If used in the 100,000-cycle 
circuit, one complete turn of the dial corresponds to 
a final adjustment of 0.00001 sec., which obviously 
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is greater accuracy than needed in any ordinary time 
mechanism. 

The accuracy of inter-comparison of crystal clocks 
may be very high. An absolute comparison accurate 
to better than 0.00001 sec. can be maintained con- 
tinuously, while under special conditions short time 
comparisons accurate to one part in 101° can be made. 
This high accuracy of comparison is due chiefly to the 
large number of vibrations per second, 200,000 times 
greater than with a “seconds” pendulum. Even 
greater accuracy of comparison could be obtained by 
the use of higher frequency crystals, but for reasons 
of convenience and greater freedom from the effect 
of external circuits and the mounting, the lower fre- 
quency is preferred. 

One application of considerable interest is that 2 
clock mechanisms can be operated from the same 
crystal control in this way so that one keeps true 
mean solar time when the other keeps true sidereal 
time.® 
rates can be obtained for such a purpose accurate to 
at least one part in 10° without the use of an unduly 
complicated mechanism. Lord Grimthorp has shown 
why a pendulum cannot be used for this purpose, but 
his reasons do not apply to the crystal control method. 

By means of a photoelectric cell and a shutter of 
the type shown in Fig. 6, signals of extreme accuracy 
can be controlled which could be used for radio trans- 
mission of time signals or for any purpose requiring 
great accuracy. When this disk is rotated at 10 revo- 
lutions per second by a crystal controlled motor the 
current from the photoelectric cell is 1,000 cycles 
modulated in the manner indicated in oscillogram 1 
of Fig. 7, at 100 cycles per second. By marking one 
0.01-sec. element, as for example by partially block- 
ing one sector, a positive 0.1-sec. indication is ob- 
tained. The oscillograms shown in Fig. 7 were made 
with the disk shown, and indicate how with the use of 
a suitable oscillograph, a continuous time signal can 
be recorded that can be read to a fraction of a milli- 
second. This resolution would be very useful for 
accurate time measurement work, for studies in radio 
propagation times, and for measurements of gravity. 
Observers requiring less resolution than this could 
obtain 0.01-sec. accuracy by the use of a rectifier and 
a recorder accurate to only 0.01 sec. The same is 
true for 0.1 and 1.0-sec. accuracy by a suitable choice 
of transmitting disk and receiving equipment. 

The second oscillogram shows the signal direct 
from the disk and after it had gone through a com- 
plete radio transmitter and receiver consisting of a 
total of 11 tandem vacuum tube stages and associated 
equipment. Asindicated, the total delay encountered 
was about 0.1 millisec., and the distortion is not ap- 
preciable. Of course any combination of make and 
break signals can be controlled in this way using 
either a continuous or a modulated tone. If desired 
a series of !/.-sec. dashes could be controlled, inter- 
spaced by a dot-dash code to designate each dash. 

A complete time signal control mechanism based 
upon this idea is shown diagrammatically in Fig. 8. 
In the method shown, light from a straight filament 
lamp is imaged on the slotted edge of a disk driven at 
10 revolutions per second by a 1,000-cycle motor. 
The light entering the photoelectric cell is modulated 
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It can be shown readily that any ratio of — 


as indicated, at 1,000 times and 500 times per second 
alternately, and controls a corresponding electrical 
signal. The slow speed shutter, rotating at one revo- 
lution per second, causes the effective light path to al- 
ternate between the 2 disks once each second, and 
gives a corresponding variation of electrical signal. 
This signal can be used for any resolution from one 
second down to one millisecond and can be received 
through static and fading. It can be reduced to the 
dash-space type by the use of a simple voice-fre- 
quency filter to suppress the undesired half signal, or 
used as a continuous signal for oscillograph recording. 
Among the advantages of the crystal clock should 
be mentioned that in order to control any number of 
clock mechanisms with the same precision it is neces- 
sary only to distribute the constant frequency current 
derived from the crystal to the separate mechanisms. 
This can be done on any scale economically feasible. 


EXPERIMENTS IN TIME AT LOOMIS LABORATORY 


The clock installation at the Loomis Laboratory, 
Tuxedo Park, in brief consists of 3 Shortt clocks 
mounted in an especially favorable location practi- 
cally free from traffic and electrical disturbances, and 
carefully temperature controlled. The excellence of 
the location is enhanced by the fact that the clock 
vault is excavated in the solid rock of the mountain 
on which the laboratory stands, and the 3 massive 
masonry piers for mounting the clocks are effectively 
a part of this rock. One of the 3 Shortt master 
pendulums in its casing is shown in Fig. 9 mounted on 
its pier within the temperature controlled vault. 

By means of the Loomis chronograph? it has been 
possible for the first time to obtain a running phase 
comparison of a number of clocks with great pre- 
cision. Prof. E. W. Brown and Dr. Dirk Brouwer 
have shown! that the probable error of the mean 
hourly rates as measured by this chronograph is less 
than 0.0001 sec. With a resolution of this order, it is 
possible to study some effects that would be forever 
unsuspected with the use of any comparison equip- 
ment used heretofore. 

The rate curves on Fig. 10 will illustrate a case in 
point. These 3 curves show the differences in rates 
between the 3 Shortt clocks taken in cyclic order, 
plotted on a very open scale over a period of about 
3 months. Although the mean rates over this and 
much longer periods are constant to one part in ten 
million, there are fluctuations in rate having for the 
most part perfectly definite periods. These fluctua- 
tions are real and a study” of the data by Professor 
Brown showed that the periods correspond to the 
differences in periods of the pendulums taken in 
pairs. This implies that there is coupling between 
the pendulums and that the rate of one is modulated 
by that of the others even though the pendulums 
swing practically in vacuum and are mounted on 
separate massive piers, and that they swing in planes 
120 deg. apart. This would seem to show that 
massive as the piers have been made, they are not 
infinite in comparison with the 14-lb. pendulums, and 
that strains set up by each pendulum are felt in some 
degree by the others through the piers and solid bed 
rock. 
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A study was made of the performance of several ac- 
tual installations of precision clocks, including Riefler 
clocks nos. 60, 70, and 151 at the U. S. Naval Ob- 
servatory, Washington, D. C.; Riefler clock no. 412 
and Shortt clock no. 29 at the Dominion Observatory, 
Ottawa, Can.; Shortt clock no. 11 at the Royal Ob- 
servatory, Greenwich, Eng.; Leroy clock no. 1,185 at 
the Paris Observatory, Paris, France; and Shortt 


Fig. 9. (Right) Master pen- 
dulum in casing for one of 
3 Shortt clocks located in the 
Loomis Laboratory 


Fig.10. (Below) Intercom- 
parison of 3] Shortt’ clocks 
which are located “in the 
Loomis Laboratory 

Rates are given in the 3 upper 


curves. Integrated rates are given 
in the 3 lower curves 
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clock no. O at the Royal Observatory, Edinburgh, 
Scotland. This study showed that although the 
rate variations of the 3 Shortt clocks at the Loomis 
Laboratory are quite appreciable as measured by the 
Loomis chronograph, the relative performance, as 
clocks, is all that could be desired, and indicates that 
factors having small but real effects upon the rate can 
be detected by a chronograph with this high resolving 
power when they would not be observed at all by 
ordinary methods. The 3 rate curves and the 3 time 
curves of Fig. 10 are plotted to the same scale as the 
corresponding crystal data in Fig. 5. 
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Fig. 11. 


Loomis chronograph and one of 3 Shortt 
slave clocks in the Loomis Laboratory 


The Loomis chronograph shown in operation in 
Fig. 11 consists of the following essential parts: 
1. A strip of paper about 10 in. wide moving at a uniform rate be- 


tween a long grounded electrode and a comb consisting of 100 sepa- 
rate equally spaced pointed electrodes. 


2. A distributor having 100 segments separately connected to the 
100 elements of the comb, operated at exactly 10 revolutions per 
second by a synchronous motor from a source of 1,000-cycle current. 


3. A source of high potential consisting of an induction coil through 
the primary of which a large condenser is discharged when a record is 
to be made. ‘A small condenser on the induction coil secondary 
stores sufficient energy to produce an intense spark of very short 
duration. 


4. A single relay in the common circuit of all the time devices to be 
recorded on the moving paper strip. 


If the relay is operated every time the distributor 
makes some exact whole number of revolutions a 
series of perforations will be made in a line parallel 
with the edge of the paper. If in the time between 
sparks, the motor revolves a whole number of times 
plus or minus 100, successive perforations will be dis- 
placed an amount corresponding to one millisecond in 
time. One second in time is represented by 10 com- 
plete transits of the chart, so that, in effect, the chart 
is 100 in. wide and the effective recording element 
moves at the rate of 500 ft. per min. Thus from the 
slope of the line of perforations with respect to the 
edge of the paper the difference between the rate of 
the distributor and the rate of the sparks can be de- 
termined with high precision. Similarly any number 
of separate sets of sparks can be recorded simulta- 
neously on the same chart, using the same actuating 
relay and distributor. The relative rates may be de- 
termined by measuring the difference of slopes of the 
rows of perforations. 

This is the method used for intercomparing the 3 
Shortt clocks and for comparing them with crystal 
oscillators in New York City. To accomplish this, 
1,000-cycle current controlled by the Bell Labora- 
tories’ crystal is sent over a private wire to Tuxedo 
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and there used to drive the distributor as outlined 
above. The resulting records are continuous com- 
parisons of the 3 Shortt clocks and the crystal, accu- 
rate to better than one millisecond in time. 

Since the crystal does not respond to variations in 
gravity while the pendulum does, the difference in 
rates contains a term having the period of the lunar 
day, corresponding to the direct gravitation effect of 
the moon on the pendulums. Several months’ rec- 
ords of the Loomis chronograph have been ana- 
lyzed'° by Professor Brown and Doctor Brouwer and 
a lunar term observed having the proper period and 
magnitude. A graph of the lunar effect derived in 
this way is reproduced from their paper in Fig. 12. 
The periodic gain and loss in indicated time is about 
0.0002 sec. per lunar day. 

The results of time studies obtained at the Loomis 
Laboratory have been very encouraging and it is 
planned to continue the researches in clocks and time 
measurement methods. 


POSSIBLE FUTURE INVESTIGATIONS 


No doubt there is a practical limit to the accuracy 
attainable in a timekeeper but as long as random 
changes in rate are observed which cannot be ex- 
plained by uncontrollable properties of matter (such 
as Brownian movement) that limit has not been 
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Fig. 12. Analysis of comparison data between 

crystal clock and 3 pendulum clocks revealed the 

periodic lunar day variation shown in the left hand 
curve 


reached, even with the types of mechanism at present 
i itise: 

The suggestion has been made of utilizing the con- 
stant velocity of light between fixed points as a 
measure of period. At present the velocity of light 
is known to less than one part in a million. Even if 
it were known with greater accuracy, the practical 
difficulties of establishing such a standard, except in 
a very rough way, would be insuperable. In the 
first place the distance between the measuring points 
would have to be known to one part in a million, that 
is, better than 0.06 in. in a mile, assuming no other 
error, to define a standard good to only 0.1 sec. per 
day. Considering the difficulties in measurement, 
an accuracy of a little better than a part in a million is 
about all that could be expected of such a method by 
any means now known. 

The extreme definition of some spectral lines indi- 
cates a very slightly damped oscillation of some sort 
in the atom, and some thought has been directed to 
means of making a frequency comparison between 
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these vibrations and others of lower frequency that 
could be used to measure time as previously outlined. 
The effective logarithmic decrement of the “‘oscilla- 
tor’ behind the red line of cadmium can be estimated 
as about one tenth of that of a quartz resonator. 
The difficulties of utilizing this sort of thing as a time 
(or frequency) standard are: First, it is not known 
at present whether the “frequency” of an atomic dis- 
turbance has the same physical significance as vibra- 
tions-per-second and, second, even if the significance 
were the same, the orders of the 2 frequency ranges 
are so far separated that no means known at present 
could be used to effect the comparison. Besides, the 
energy of a spectrum line is no doubt made up of a 
large number of damped wave trains superposed in 
some fortuitous fashion as would cover the identity of 
separate cycles. 

Probably the real final limit in the accuracy of 
timekeepers is concerned with the measure of our 
time standards. Some observations indicate that 
the rate of the earth’s rotation is not constant, but 
that there are both systematic and apparently ran- 
dom changes in rate as compared with the motion of 
other astronomical bodies believed to be more stable. 
For example: About 1918 a rather abrupt change in 
rate was observed which amounts to about one part 
in thirty million. This is small to be sure, but points 
to the improbability that the rate of any phenomenon 
is absolutely constant. After all, time is relative and 
the most nearly accurate measure of time must al- 
ways be in terms of the most nearly constant motion 
that can be observed. 

At the present time in the official observatories of 
the various countries the usual procedure is to plot the 
star observations in terms of their master clock and 
then to draw a smooth curve, which curve is adopted 
as the official clock correction. To some extent the 
drawing of this curve is a matter of judgment, based 
partly on the number and certainty of the star ob- 
servations and partly on the estimated performance 
of the master clock in terms of their other clocks. 
These observatories at the present time also trans- 
mit and record radio time signals and publish periodi- 


cally corrections to these signals in terms of their 
“standard clock error.’’ From these data alone it is 
not possible for any ofe observatory to compare its 
clocks directly with the clocks in another observa- 
tory. If the observatories would publish one addi- 
tional number for each of their important clocks, 
namely, the comparison of each clock with their offi- 
cial time, it would be possible to compare the rates of 
the clocks in such observatory directly with clocks 
anywhere else in the world where the radio time sig- 
nals can be received. This would involve only a very 
small amount of additional work as the numerical 
data have to be obtained in any case. It is well to 
note in this connection that the United States Naval 
Observatory has adopted a procedure which is very 
similar to this, the only difference being that instead 
of publishing the corrections to each of its principal 
clocks, it publishes a single number which represents 
the correction of the weighted mean of several clocks. 
This is an excellent beginning and it is hoped in the 
interest of future clock developments and of studies 
in gravity and related phenomena, that others will 
follow. 
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Communication by 
Police Teletypewriters 


Police organizations throughout the country 
rapidly are adopting the teletypewriter, 
the latest development in record communi- 
cation. By this means alarms are typed at 
one point and simultaneously recorded in 
printed form at a large number of widely 
scattered stations. The engineering of fa- 
cilities required fora modern police system 
involves the solution of many special 


problems. 
BY 
R. Es PIERCE American Tel. & Tel. Co., 
MEMBER A.I.E.E. New York, N. Y. 


Soenp, accuracy, and wide cover- 
age are important factors in the communication 
facilities of any modern police system. During the 
past 2 years there has been a definite and rapid 
adoption of private wire teletypewriter systems by 
the police as a means of communication between the 
different units within a police organization. The 
teletypewriter provides means for typing a message 
at one point and recording the message in type- 
written form at a distant point as well as at the 
home station. These systems are now so wide- 
spread that approximately 40 per cent of the people 
of the United States live in areas protected by police 
teletypewriter systems. 

The primary use of the teletypewriter by the 
police is to broadcast alarms, usually consisting of 
notices to apprehend suspects, watch for missing 
persons, or recover stolen goods. Teletypewriter 
systems also find a large field of usefulness in the 
handling of routine correspondence between units 
of the larger police organizations. 

The different types of traffic handled on a typical 
police system are shown in Table I. These statistics 
were obtained from the Pennsylvania state police 
system covering the month of October 1931. The 
statewide broadcast includes messages from Harris- 
burg to each of the 110 municipal police stations 
throughout the state. It will be noted that more 
than 50 per cent of the statewide broadcasts had to 
do with stolen automobiles. Since these communi- 
cations usually involve registration numbers and 
proper names, the printed record is an important 
factor in eliminating errors. The rapid growth 


Based upon ‘‘Police Teletypewriter Communication” (No. 32M8) presented at 
the A.I.E.E; Great Lakes District meeting, Milwaukee, Wis., March 14-16, 1932. 
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Fig. 1. 


Teletypewriter installation at the head- 
quarters of Troop K, New York state police, at 
Hawthorne 


Fig.2. Trafficon ao im 
the teletypewriter 
system of the 
Pennsylvania 
state police, in 
number of mes- 
sages per month ; | 
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in the amount of traffic handled by this system 
since it was established in January 1930 is indicated 
in’ Hig. 2, 


GENERAL FEATURES 


Briefly, the teletypewriter, or printer as it is 
sometimes called, is a machine which allows a 
message to be typed simultaneously in 2 or more 
remote locations. The connections between the 
various machines on a given network usually con- 
sist of ordinary telegraph circuits. If they are 
long, it may be necessary to provide terminal and 
intermediate telegraph repeaters in order to obtain 
satisfactory teletypewriter transmission. 

In general, the teletypewriters as used for police 
communication are arranged to print the received 
message in page form. The typical machines of 
this type are shown in Fig. 1. It will be noted that 
some of the machines are equipped with keyboards 
while others are for receiving only, and therefore 
have no keyboards. Power for operating the 
various mechanisms is provided by fractional horse- 
power motors which take their current from the local 
a-c. or d-c. lighting circuits. 

The layout of the private wire teletypewriter 
system of the New York state police is shown in 
Fig. 3. In this network there are at present 85 
teletypewriter stations, 64 of which are arranged for 
both sending and receiving while 21 are equipped | 
for receiving only. There are 6 switchboards lo- 
cated at the headquarters of the various state police 
troops. All but one of these switchboards are 
located in police barracks outside of metropolitan | 
areas. The telegraph circuits involved in this net-. 
work total about 3,500 miles and require 80 telegraph 
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repeaters. Fig. 4 shows a typical telegraph office 
where provision is made for maintenance and super- 
vision of such private wire systems. The circuit 
mileage is made up of various types of telegraph 
facilities, including the voice frequency carrier 
telegraph system, the metallic telegraph system, 
2-path polar and one-way polar system, the polar 
duplex and the neutral system. 


TECHNICAL FEATURES 


The essential elements of the teletypewriter 
system are: the sending mechanism, the telegraph 
line, and the receiving teletypewriter. By means of 
the sending mechanism, manually selected characters 
of the alphabet and certain necessary typewriter 
functions, such as paper feeding, carriage returning, 
and spacing, are converted into groups of electric 
impulses. These are transmitted over the telegraph 
circuit by means of different current values, which, 
as in practically all land line telegraph circuits, are of 
2 values. (One of these current values may be 
zero as in the neutral telegraph system.) The 
signals set up the selecting devices in the receiving 
machine corresponding to the transmitted character, 
and cause this character to be reproduced. 

The selecting code which is used employs 5 signal 
elements for each character. This 5-unit code, in 
combination with the possibility of either of 2 current 
values for each unit, provides 32 possible combina- 
tions. For instance, representing the 2 current 
values by (1) and (2) one of the 32 possible combi- 
nations would be 1-2-2-2-2. That is, the first unit 
would be transmitted at one current value and 4 
following would be transmitted with the other 
current value. Another combination would be 
1-2-2-2-1, etc. 


Fig. 3. 
typewriter sys- 
tem of the New 
York state police 
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Table I—Traffic on a Typical Police System in One Month 
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One of the 5 unit combinations is assigned to each 
of the 26 letters of the alphabet, leaving 6 remaining 
for the teletypewriter functions, such as spacing, 
carriage returning, and paper feeding. Numerals 
and punctuation marks are obtained by providing 2 
characters on each type-bar of the printing mecha- 
nism as in an ordinary typewriter, and one code 
combination is used for shifting from one set of 
characters to the other. The remaining, or 32nd, 
selecting combination is employed to allow a re- 
ceiving station to ‘“‘break’”’ or stop the sending 
operator when that station wishes to send. 

It of course is necessary to identify each of the 
5 successive signal elements at the receiving end, in 
order that the proper selection be made. This is 
accomplished by having the receiving mechanism 
run in synchronism with the sending mechanism. 
This synchronizing is accomplished without unduly 
complicated mechanism, by means of the so-called 
start-stop principle which may be described briefly 
as follows: 

The sending and receiving mechanisms each are 
driven by fractional horsepower motors running at 
approximately the same speed, the speeds being 
controlled either by governors or by the use of 
synchronous motors. These motors run continu- 
ously while the teletypewriters are in use, and 
through friction clutches drive the transmitting 
and receiving mechanisms. The transmitting and 
receiving mechanisms are restrained from operating, 
however, by mechanical arrangements which are 
released when the first line signal is received. In 
order to accomplish this starting function, the 5 
selecting signal elements are preceded by a signal 
element of a current value opposite to that of the 
line in the idle condition. The receipt of this first 
signal at the receiving teletypewriter starts the 
printing cycle. The 5 selecting elements which 
follow the starting signal select the proper character 
and cause it to be printed. Following the selecting 
impulses a seventh signal element is transmitted over 
the line which causes the receiving mechanism to 
stop at the completion of the printing cycle. When 
the next group of signals is received, this cycle is 


Fig. 4. Typical repeater office for private wire 
teletypewriter systems 
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repeated. With this arrangement the receiving 
mechanism does not start until the first impulse is 
received, and stops at the completion of the cycle. 
Therefore, the sending and receiving mechanisms 
are required to remain in synchronism for one print- 
ing cycle only. The teletypewriters usually are 
arranged to type at 60 words per min., or 6 letters 
per sec. The duration of a printing cycle, therefore, 
is approximately 4/5 sec., and synchronism is ac- 
complished without rigid requirements on the speeds 
of the teletypewriter motors. 

In addition to simplifying the manner of main- 
taining synchronism, the start-stop principle makes 
it possible for 2 stations to communicate without 
regard to the distance between them or to the lag 
introduced in the telegraph signals by intervening 
circuits or apparatus. The selecting signal elements 
are always transmitted and received in the same 
time relation to the start impulse which controls the 
start of the printing cycle. 


SPECIAL FEATURES 


Police teletypewriter systems have presented a 
number of special problems. One of these is due to 
the fact that the communications are of an inter- 
mittent nature, but service must be available con- 
tinuously. It is therefore desirable that the calling 
station be able to start and stop the motors of all 
of the distant called stations. Therefore most 
police machines are so equipped that starting is 
accomplished by the sending of a “‘break”’ signal and 
stopping by the sending of a ‘‘shift’’ followed by an 
“H”’ signal from the teletypewriter keyboard. 

By the use of “‘shift’’ signal followed by a letter 
signal, other features are made available. Tele- 


Fig.5. The one- 
way fixed layout 
teletypewriter 
network in Essex 


County, N. J. 
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typewriters thus are regularly provided with a 
signaling bell. Also in special cases, a loud ringing 
bell is provided, either a single stroke or a con- 
tinuous alarm being used. 

Some of the switchboards used in police systems 
are equipped with keys for switching, while others 
have cords and plugs of the type used in telephone 
switchboards. Since these switchboards are often 
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located in remote places outside of metropolitan 
areas, it usually is necessary to provide a complete 
power plant to supply current for line facilities, 
supervisory signals, and teletypewriter machines. 
In some statewide systems the stations are divided 
into zones, with each zone under the control of an 
individual switchboard. Arrangements may be pro- 
vided which allow the operator at general head- 
quarters to take control of the broadcasting circuit 


Fig. 6. Teletypewriter installation at New York City 


police headquarters. Police Commissioner Edward 

P. Mulrooney is shown dictating a message during a 

recent 7,000-mile police teletypewriter hook-up 
covering the United States and Canada 


for any or all zones throughout the state, thus 
permitting the statewide broadcasting of certain 
alarms. The transferring of all the lines from the 
zone switchboard to sending relays under the control 
of the circuit from headquarters is accomplished by 
sending a code signal from a special key at general 
headquarters over the regular teletypewriter circuit 
to the zone headquarters. After the statewide 
broadcast, the circuit may be restored to normal 
by sending a long “‘break”’ signal from headquarters. 
These operations are accomplished without any 
action by operators at zone headquarters. 

In some of the municipal networks, arrangements 
have been set up whereby a message or alarm sent 
to an outlying station equipped with a machine for 
receiving only, can be acknowledged. Usually, 
a separate circuit is provided for this purpose so that 
the operation of an acknowledgment key at the 
receiving station will give a signal, such as the 
lighting of a lamp at general headquarters. The 
attention of the receiving station operator may be 
attracted at the end of a message by the ringing of 
the teletypewriter bell at all receiving stations. 

In a multi-station series network it sometimes is 
desirable to be able to select stations individually 
or in groups. For this purpose a selective calling 
arrangement using a regular telephone dial is used. 
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When the code number of a particular station is 
dialed, a selecting device at the station completes the 
power circuit, thereby starting the motor of the 
called station. A visible or audible signal will be 
operated to attract the attention of the operator at 
the called station, and a busy signal will be lighted 
at all other stations indicating that the circuit is 
busy. When desirable, a lock-out or secrecy fea- 
ture may be provided which prevents any station 
not called from starting its machine and receiving 
the message being transmitted. This system has 
the obvious disadvantage that only one conversation 
at a time is possible on the network. 


Circuit LAvouT FEATURES 


Various types of circuits are adaptable to police 
teletypewriter systems. A few of these systems 
will be described briefly. . 

The one-way fixed layout system includes a central 
transmitting point from which communications are 
transmitted to a number of machines arranged for 
receiving only. An example of this type of system is 
shown in Fig. 5. The outstanding advantage of the 
one-way fixed layout system is the speed with which 
broadcasts can be made, since the entire network 
is always available. 

The 2-way fixed layout system has all of the sta- 
tions connected to the circuit so that any 1 can 
send and the others will receive. The outstanding 
advantage of this type of system is that the entire 
network is available to each station for broadcasting 
alarms or for intercommunication between individual 
stations. This system has the disadvantage that 
when 2 stations are communicating, the entire net- 
work is not available for a broadcast without inter- 
rupting the local conversation. 

The one-way selective system consists of lines 
radiating from a switchboard at general headquarters 
with machines in the outlying points equipped for 
receiving only. This is similar to the one-way 
fixed layout system except that individual lines or 
groups of lines can be selected. 

The 2-way selective switching system can be 
obtained in either one of 2 methods, or a combina- 
tion of both. The first method is to provide a 
central switchboard with lines radiating out to 
each individual station. The second is to provide 
more than one station on each line and to have 
these stations equipped with the selective calling 
devices mentioned previously. The advantages of 
this system are similar to those outlined in the 2-way 
fixed layout system, but the former has the added 
advantage that more than one conversation at a 
time can be carried on between stations in the net- 
work. 

Many of the police teletypewriter systems combine 
the one-way and the 2-way features. The first 
statewide police system to be installed is operated 
by the state police of Pennsylvania and is of this 
type. Among other systems of this type is the one 
in New York City. Of this, the teletypewriter 
room at general police headquarters is shown in 
Fig. 6. The switchboard, which has direct lines to 
33 precinct stations in Manhattan and to 4 others in 
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borough headquarters, may be seen in the back- 
ground. 


EXCHANGE SERVICE 


When in November 1931 the telephone company 
offered teletypewriter exchange service to the public, 
the police departments of the country were among 
the first to avail themselves of this type of service. 
The exchange service provides switchboards and 
trunk line facilities for interconnecting teletype- 
writer stations at any place in the country. The 
police department subscribing to this service is 
provided with a teletypewriter machine with which 
it may call a teletypewriter exchange operator and 
obtain a connection with any other exchange tele- 
typewriter station, whether this station is in the 
same city or in a distant city. This new service 
provides a nationwide system for interconnecting 
the various police departments in the country with 
the same type of record communication which has 
been so useful in the private wire systems. 


The Effects of 
Artificial Habits 


Views from a medical college dealing with 
the effects of engineering progress upon 
human life add another independent voice 
to the general discussion of benefits. 
This is the twelfth article in the En- 
gineering Foundation’s symposium, ‘‘Has 
Man Benefited by Engineering Progress?” 


By 
A. BACHEM 


Professor of Biophysics, University of 
Illinois, College of Medicine, Chicago 


B. BUILDING tents and huts, by 
covering the body with fur and cloth, primitive 
man was able to leave the cave, to expand into the 
open plain, and to survive in a colder climate; then 
protection against rain, cold, and storm was rendered 
complete with the invention of glass, which brought 
with it a new factor—comfort. Allof these measures, 
first protective, then comfort producing, formed 
a continuous evolution which led to an artificial 
change of environment: From the straw apron to 
the modern apparel, from the primitive hut to the 
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modern apartment house—an evolution which, when 
expressed biologically and physically, meant but a 
retreat from light into darkness and from venti- 
lated atmosphere to stagnant air. Prejudices of 
fashion and custom have but served to fix the re- 
sults of these developments and to render irre- 
versible this crime against nature, this exclusion 
of natural stimuli to the skin. The penalty for this 
transgression is being paid. 


LIGHT STARVATION FAVORS DISEASE 


Lack of ultraviolet rays, unless replaced by a 
high vitamin D diet, leads to rickets, tetany, and 
other ills, and predisposes strongly to infections, 
particularly pneumonia. Light starvation favors 
certain skin diseases, either directly from lack of 
stimulation or indirectly by breakdown of the 
vegetative nervous system and the absence of its 
coordinative action on the various powers of the 
body. 

One important function of the skin is heat regu- 
lation. Heat must be conserved as much as pos- 
sible in a cool environment, and strongly dissipated 
in a warm atmosphere. A complicated mechanism 
serves this purpose: Various stimuli from the skin 
and from the heat center of the brain affect the in- 
ternal secretion, the blood chemistry, the blood 
capillaries of the skin and the sweat glands in such 
fashion that adaptation to the environment takes 
place. Operation of. this mechanism represents a 
healthful physiological and psychological exercise 
for the body: It necessitates chemical and physi- 
cal work; it requires a coordination of the efforts 
of the whole autonomic apparatus, which includes 
the nervous systems, the endocrines and the blood 
vascular system. The perfect working of this whole 
mechanism determines to a large extent a healthy 
constitution. By living in closed rooms and by 
dressing in heavy and tightly fitting garments, we 
have allowed this mechanism to cease functioning 
and its branches to degenerate. The result is that we 
cannot withstand even small variations of tempera- 
ture, usually reacting with a cold to even the most 
moderate exposure. It is the fear of such exposure 
together with the dictates of fashion that have led 
the stronger sex so to overdress that their bodies 
constantly move in a tropical climate. 


FASHION AND SCIENCE CONFLICT 


Fashion and science now have reached the point 
where a break may occur unless fashion gives way. 
It should not be difficult to design a garment with- 
out a narrow collar and a tight belt, so that air 
ventilation is permitted. Disposing of vest and 
coat should not carry the stigma of social misde- 
meanor, but should be permitted as a means to allow 
the body to cool off, to admit some light and to in- 
crease its vitality. ‘So long as our mode of dressing 
is not improved, I see no advantage in the use of 
windows made transparent to ultraviolet rays or 
in the use of ultraviolet lamps. 

The great development, in recent times, of the 
building industry, of transportation, and of com- 
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munication, with the resulting concentration of 
individuals within cities, schools, churches, theaters, 
trains, and street cars, has but served to strengthen 
the gregarious habit of man; this in itself has been 
shown by statistics to be the prime cause of the 
prevalence of infectious and contagious diseases. 
It is these very diseases which the medical man, 
the sanitary engineer, and the health director find 
so difficult to combat. That these effects are being 
realized is evidenced by the efforts of theater owners 
toward ventilation and temperature regulation of 
their theaters, and by the increased tendencies of 
the people to abandon the narrow confines of the 
city for the more open territory of the suburb. 
These tendencies have been abetted by the privacy 
and quickness of the automobile and by the comfort 
of the radio, together with coming television. 
The invention of the machine, followed by its 
constant modification and improvement to meet 


the various needs of today, has increased a hundred © 


fold the means for comfort and lessened human 


labor, and has been heralded as a welcome means — 


to lighten the burden of man. But now the pendu- 
lum having swung in the prophesied direction, we 
have gone from the frying pan into the fire; from 
the dilemma of too much work we have entered into 
the morass of idleness. The politician of today has 


failed to find a remedy for this situation, so let us — 


turn to the views of the biologist. 


VIEWS OF A BIOLOGIST 


In his book, ‘Studies on Human Biology,”’ Pearl | 


devotes one chapter to the influence of physical ac- 


tivity upon mortality. He bases his deductions on 


English statistics on the mortality of occupied males 
more than 15 yr. of age. He divides the 132 occu- 
pations into indoor and outdoor work and each of 
these into 5 groups of increasing activities, from 
light to hard work. After discussing and elimi- 
nating most of the possible sources of error he comes 
to the following conclusions: 

1. Light, medium, and heavy work cause no difference of the death 
rate between the ages of 15 and about 45 yr. From 465 yr. on, how- 
ever, hard work increases the death rate, with a strongly increasing 
ratio for the higher ages. This makes it evident that ‘‘before age 40 
is attained, it makes no difference in the rate of mortality, whether 
the occupation involves light or heavy physical labor. After about 
age 45 it appears that a man shortens his life by definite amounts in 
proportion as he performs physically heavy labor.” 


2. Mortality is distinctly lower for outdoor than for indoor workers. 
This indicates the superior healthfulness of outdoor life. 

I should like to add a few generally accepted 
premises upon which to base a few suggestions of 
an important social bearing: 


1. Work is healthful, mentally and physically, for men and women | 


between 17 and about 45 yr. 


2. Many modern professions require too much sedentary life and 
need outdoor recreation for compensation. 


3. Most professions are monotonous; therefore their dulling effects 
upon the mind should be overcome by recreation that provides men- 
tal exercise. 


BETTER REGULATION OF WORK NEEDED 


Assuming the correctness of these premises one | 


easily recognizes that, because of leaving work and 
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idleness distributed at random, the present system 
of unrestricted labor and unrestricted unemploy- 
ment is the incorrect answer to this problem. The 
only logical measure is to regulate work so much 
that every man or woman from 17 or 18 up to 45 
or 50 yr. old can be provided with work. A 5-day 
week and a 6-hr. day would suffice for the needs 
of most countries. The rest of the time can be 
devoted to healthful recreation. This regulation 
should be revised periodically according to variations 
caused by seasons and business cycles. The sick 
and the old should be protected from destitution by 
compulsory invalid insurance and old age pensions, 


Analysis of 
Equivalent Circuits 


Analysis of various circuit problems may be 
facilitated by the substitution of equivalent 
circuits which reduce the complexity and 
permit the replacing of magnetic coupling 
with simple impedance links so that the 
calculating board may be used for solution. 
In this article, general methods of solving 
the transformer, network, and zero phase 
sequence problems are presented along 
with useful diagrams and equations for 
particular cases. 


By 
F. M. STARR 


ASSOCIATE A.1.E.E 


General Elec, Co., 
Schenectady, N. Y. 


Ee circuits are used in 
the analysis of certain circuit problems. The method 
consists of replacing the magnetic or electrical system 
to be analyzed with a simplified equivalent linkage of 
simple impedance links which satisfies the same ter- 
minal conditions. In general, any problem which 
can be analyzed with an equivalent circuit can be 
analyzed without it. However, the equivalent cir- 
cuit may be useful for any or all of the following 
reasons: 


1. Since the equivalent circuit represents only terminal conditions, 
it is frequently simpler than the actual machine or circuit. 


Based upon ‘‘Equivalent Circuits—I’’ (No. 32-21) presented at the A.I.E.E. 
winter convention, New York, N. Y., Jan. 25-29, 1932. 
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or else given a chance to accumulate enough capital 
to meet such contingencies. 

I am convinced that in the adoption of such a 
scheme lies the opportunity to eliminate the dis- 
advantages of mechanization, and to utilize its 
benefits in such a fashion as to enable us to live 
agreeable, healthy lives in greater conformance with 
the rules of nature and the teachings of modern 
medicine. It is to be hoped that the present de- 
pression will serve as an impetus to give it a trial. 


Editor’s Note: Pursuant to the invitation of the Engineering Foundation, the 
editors will be happy to receive comments, criticisms, or discussions pertaining to 
this or other articles published in this series. 


2. The use of the equivalent circuit speeds up and systematizes 
calculation, in some cases reducing the amount of calculation. 


3. The equivalent circuit aids in visualizing the problem. 


4. Since the equivalent circuit is made up of simple impedance 
links, it may be set up readily on the calculating board, thereby 
lending itself to the solution of complicated networks. 


Three closely related types of problems present 
themselves; namely, the transformer problem, the 
network problem, and the zero phase sequence system 
problem. This latter arises primarily through the 
difficulty experienced in adequately representing on 
the calculating board, groups of parallel transmission 
lines in which zero phase sequence currents are flow- 
ing. To represent such a group it is desirable to re- 
place it with an equivalent circuit in which mutual 
impedances between the lines are simulated by simple 
impedance links. The method of determining such 
an equivalent circuit is presented in this article fol- 
lowing a discussion of the first two types of problems. 

The two generalized equivalents discussed under 
the first two problems are quite broad and should find 
many applications other than those cited. Only 
linear circuits and networks are dealt with, however, 
and in general the circuits developed are equivalent 
only at a single frequency, although certain ones such 
as in Figs. 7, 8, and 10 to 13, are equivalent at all 
frequencies. 


THE TRANSFORMER PROBLEM 


In practise, the multi-circuit problem, that is, the 
problem of a number of circuits each having a self- 
impedance and a mutual impedance with every other 
circuit, frequently presents itself. It is usually de- 
sired to determine the current in each branch, having 
given the voltage impressed across each circuit. If 
the calculating board is to be used in the solution of 
such problems, the system of coupled circuits must be 
replaced by an equivalent linkage, since magnetic 
coupling of adequate flexibility usually cannot be 
simulated on the calculating board. 

Equivalent circuits for the relatively simple case of 
the two-winding transformer are shownin Fig. 1. In 
the conventional equivalent circuit of Fig. 1(0) all 
impedances must be expressed on a common voltage 
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base since the same current flows in each. If ais the 
ratio of primary to secondary turns, then the values 
of Z, and Z, referred to the primary are, in terms of 
the magnetizing and mutual impedances (called the 
characteristic A coefficients) : 


Z, = Au — Ana (1) 
Zo = Aya? —— Aya (2) 


Similar circuits have been developed for the three- 
winding transformer and the double-winding genera- 
tor, the value of this type of circuit being discussed in 
“Theory of Three-Circuit Transformers,” by A. 
Boyajian, A.I.E.E. TRANs., v. 43, 1924, p. 508-29. 
In the same paper the general equations for setting up 
a similar type of circuit for the n-winding transformer 
are written. The equivalent circuit of Fig. 1(c) 
while still not strictly correct, represents more nearly 


1 An- Aj2 A22-Ai2 2 


@) 
Various equivalent 
circuits for the two-winding 
transformer 


(c) Fig. 1. 


(a) The two-winding transformer, in which Ai is the primary 

self-impedance or magnetizing impedance, A is the secondary 

impedance, and Ariz is the mutual impedance between the 
windings 


(b) Conventional equivalent circuits used for calculating 

regulation, magnetizing current being neglected. This circuit 

gives no voltage transformation. Zi is primary leakage im- 

pedance (resistance plus leakage reactance), Z2 is secondary 

leakage impedance, and Zz is load impedancé, all expressed 
on a common voltage base 


(c) Equivalent circuit which gives voltage transformation and 

does not neglect magnetizing current. This circuit must be 

viewed from one winding only, since it falls down when 
viewed as a four point network 


(d) A rigorous equivalent for the two-winding transformer 
which cannot be distinguished from the actual transformer 
under any imposed terminal conditions 


(e) An equivalent equally as rigorous as that of the Fig. 1(d), 
but much simpler 


the actual transformer. In this circuit the short- 
circuit impedance of the primary is 


AyAx [ot A}? 
Ax 


A general equivalent circuit for the n-winding 
transformer having 2n points of entry has been 
derived. This circuit is a mesh composed of 
n(2n — 1) impedance links, one connecting each point 
of entry with every other point of entry. The im- 
pedance of the link connecting the two points of entry 
of some winding /, i. e., points 7 and 7’, is the driving 
point impedance from point 7; and the link connect- 


Z= (3) 
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ing two points of entry of two different windings, say 
points 7 and k’ of windings 7 and k, is equal to the 
transfer impedance between points 7 and k’. These 
link impedances may be measured directly or calcu- 
lated from known transformer constants, the A 
coefficients. 

The general equivalent circuit for the two-winding 
transformer is shown in Fig. 1(d) and is seen to con- 
sist of a six-link mesh, the values of which are 


AyA2 = Aj, 


Zi = a (4) 
ie AyAx — Aj? 
Zx — 2 ae (5) 
eg 5 AyAx2 — Ay? 
Za ES (6) 
Ly Se le ee 


Equations defining the links for the equivalent 
mesh to represent the -winding transformer shown 
in Fig. 2 have been derived and are as follows: 


oer et 
1 a a 

Lig Le eG (8) 
J 


where B;, is the driving point admittance from point 
j, By is the transfer admittance between points 7 and 
k, and Z;;, is the impedance of the link connecting any 


Fig. 2. A system of n 
electrically isolated but 
magnetically coupled 

circuits 


Such a system may be re- 
placed by an equivalent 
mesh of (Qn — 1) links 
connecting each of the Qn 
points of entry in all possi- 
ble ways. For example of 
equivalent mesh when 2 = 

2, see Fig. 1(d) 


two points of entryjandk. The values of these links 
for the general case may be calculated or measured 
directly at the terminals of the transformer. The 
method of measuring transfer and driving-point im- — 
pedances is well known. The B coefficients are 
defined by and may be calculated from the following 
determinantal relations: 


Bie = Dig = Gua Gage (9) 
where 
Ay Aion... Ain 
pe Ay Ar ene (10) 
Ah Ag ie ee 
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nd Q4-j, is the cofactor of Aj, in A,_4 (i.e., the 
ninor of A,—4 with the 7’th column and k’th row 
leleted) the sign of which is (—1)/t*. 

The equivalent circuit of Fig. 1(e) is seen to be a 
ombination mesh and star arrangement, and may be 
trived at by simple reasoning from the mesh of Fig. 
(d). Since the self-impedance of any winding is 
ndependent of the other windings, its value need not 
ppear in any of the mutual links if it be lumped as a 
adial link at the terminals of the circuit. Thus, 
etting Ay, and A» equal to zero in eqs. 4, 5, and 6, 
nd inserting radial links having impedances equal to 
13, and Ay in terminals 1 and 2, respectively, one 
vill obtain the circuit of Fig. 1(e). This latter cir- 
uit is much more useful than that of Fig. 1(d) since 
he mutual links are purely reactive, the resistances 
ppearing only in the terminal links. This arrange- 
nent avoids the possibility of negative resistance 
ppearing in any link. In an entirely similar manner 
he mesh equivalent of any number of coupled cir- 
uits may be simplified and rendered more useful by 
educing to a combination star-mesh arrangement. 


“HE NETWORK PROBLEM 


In the study of the behavior of a large transmission 
nd distribution system, the transmission lines and 
onnected apparatus commonly are represented by an 
ppropriate single-line diagram, all units of connected 
quipment being replaced with suitable impedance 
nks. In most cases no trouble is experienced in 
lapping out the single-line diagram, at least none for 
he positive and negative phase sequence diagrams, 
ince standard methods are available for doing this. 

In setting up the single-line diagram on the calcu- 
ating board, for purposes of simplification it may be 
esirable to replace either the whole system or some 
ection of it with an equivalent impedance mesh 
yhich has the same number of points of entry but a 
reatly reduced number of links. For example, Fig. 


Fig. 3. (Left) A general network, not simplified 


Fig. 4. (Right) Equivalent mesh for a network having 
five points of entry 


shows a complicated network of impedance links 
ving (m + 1) points of entry. Such a network 
ay be replaced with an equivalent mesh having 


he links, one connecting each point of entry 
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with every other point of entry. The equivalent 
mesh for a five-point network is shown in Fig. 4 
(note that m = 4 and that for purposes of analysis 
the m + 1 point is considered as a ground point). 
The values of the links of the equivalent mesh 
which is to replace the general network may be 
determined either by direct calculation from the net- 


A mw 


Fig. 5. (Right) 
Single-line dia- 
gram of a trans- 
mission system 


Fig. 6. (Left) 
Equivalent circuit 
for the zero phase 
sequence diagram 
of the system 
shown in Fig. 5 for 
a ground fault at 

point P 


work constants or by measurements made at the 
terminals of the network. It may be shown that the 
impedance of the link connecting any two points of 
entry such as 7 and & is equal to the transfer im- 
pedance between the points 7 and k, i. e., 


Le = Liz (11) 


The impedances of the links of the equivalent mesh 
may be calculated by determinants in terms of the 
through impedances of the network (by through im- 
pedance between any two points such as j and & is 
meant the impedance between these points with all 
other points open). 

It may be shown that 


ee 12 
Gk O@ ( ) 
where 
CuCye . Cin 
Ae RC] Coston, Ce (13) 
CAG el Ce 
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Figs. 7-13. From these diagrams, equiva- 
lent circuits may be obtained to repre- 
sent various groups of parallel trans- 
mission lines such as shown in Fig. 5 
when the zero phase sequence diagram 
is to be set up on the calculating board 


Fig.7 
Links. 
a = (Mu-Mi2) 
b = (Mz2-My2) 
C= Mi2 


and Q,—j;, is the cofactor of Cj, in 
Am—-c- Lhe characteristic coeffi- 
cients of the above determinants 
in terms of the through impedances 
of the network are: 


Zi = Zj-0 (14) 
Cer = Zr—o (15) 
Cyr mets Zi-0 =f Zr—0 cs LZi-k (16) 


2 


where Z;_, is the through impedance from point 7 to 
ground, Z,_, is the through impedance from point k 
to ground, and Z;_, is the through impedance be- 
tween points 7 and &. 

These methods apply to any general network pro- 
vided the impedances are linear and provided there 
are no internal voltages. Note that although a net- 
work usually is composed of simple impedance links, 
the general network as it is considered here may in- 
volve magnetic coupling between any of its elements. 
In fact the general network mesh may be applied 
directly in obtaining the equivalent mesh previously 
discussed for the m-winding transformer, although the 
latter mesh is much simpler and more appropriate for 
the transformer problem than is the general network 
mesh. 


DIAGRAM OF THE ZERO PHASE SEQUENCE SYSTEM 


The zero phase sequence diagram of a system which 
involves parallel transmission lines does not lend itself 
so readily to a calculating board set up, owing to the 
fact that when zero phase sequence currents are flow- 
ing in the parallel lines, the mutual magnetic coupling 
between them cannot be neglected; neither can it be 
represented adequately by the usual calculating 
board equipment. 

A typical example of a system involving groups of 
parallel lines is shown in Fig. 5. The analytical 
determination of the currents in every branch of this 
system due to a ground fault practically is impossible, 
but if each group of parallel lines is replaced with an 


equivalent linkage, the calculating board may be 


applied to obtain an exact solution. 

A group of circuits representing two, three, and 
four parallel lines under various conditions is shown 
in Figs. 7 to 18, inclusive. Since more than four 
parallel lines seldom exist for any great distance, 
equivalents for groups of more than four lines have 
not been derived; however, should a case arise in 
which more than four parallel lines do occur, appro- 
priate circuits readily may be developed. 

In regard to this special group of equivalents for 
parallel lines it should be noted that: 


1. The values of impedance links are short usable expressions in 
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Fig.8 
Conditions: All Mutual Impedances 
Independent. 


Fig. 9 
Conditions: All Mutual Impedances, Independent. 
Links: 


Links: 
a= (My-M12- M23 + Mi3) 


Mi2 M2 ee (Mi3-Mra)(Mi4-M34) ( ee eee wee 
eld ur aM Mt Mza-Maa) SW Mg I zag 
= (M33-M12-M23 + Mi3) b= (zo Mza Mz 2) he (MepMae — Min Mae wae ae M20) 
= (M23+Mi2)(M23 - M13) Mo ENS 
Mis ee ce (m ae te) i-(™ M24- Miz M34) 
3° Maa M13-Mi2 
@=(M23+Mi2)( Maz - Mia) (M2q2M3q)(Mig~Miz) —, _ (Mi3Mz4- Miz M3.4)(Mi2M34-Mz3 Mia) 
RUMCAEEES TE eg gg ee ee 


(M13-Mi2) Mya (Mi3Mzq-Mz3 M14) 
1a4-Mig) {Mi3 M2q - Miz M34 Miz M34 

= (| 1=(M23- 
M14 M24-M34, M14 


£=(M23+ M12) 


e 


Fig.10 
Conditions: Mi3= M23 

Links: 

a@=(Mi1-Mi2) —c=(M33-M13) 
b=(M22-Mi2) — d=(Mi2-M13) 
e=M13 


Fig.11 


Miz M24 


Conditions: M232 Mae 


Links: 


(Mi2-Mi3)(Mg -M24) (Mi2-M33) 
= Myy- Mgt —S———— fz 
wpe"(M34-M24) (13-Mia) 
be (Woe _ Miz Maa) 4 (Men Mas) Mas a, | 
M14 M24 M12-M13 
M34, M13) (Maz M34- M13. M24) 
=(M33 - prise cae SA 
c - ( 33° Mia (M34- M24) 
Fig.12 M3q-M2q)(Mi4-M1: -_(Mi2 M34 -M13 M24) 
~ g domgiyestpetaicia) (aa tn 
Conditions: M12=M23= M13 12-M13) (Mi2- Maa, 
Links: o.(tziis)Mataetio ae) 5. 9 
a=Mi- Miz M13 M34-M24 
b=M22-Mi2 
c=M33-M12 


d=Mi2 


Fig. 13 
Conditions: M13=M23, Mi4=M24=M34 
Links: . 


a=(Mi1- M12) d=(M44-Maa) 

b=(M22-M12) e=(M12-M33) 

c=(M33-M13) f= (M13-M14) 
g=Mu4 


terms of the self-impedances and mutual impedances of the lines, 
which are constants usually known. 


2. Negative impedance links usually may be avoided in the appli- 
cation of these circuits (the circuits of Fig. 9 being excepted) thereby 
permitting the use of the d-c. calculating board where resistance 
may be neglected. 


3. The self-impedance of each line appears only in the radial link 
at the terminal, the mutual links being purely reactive. This 
arrangement insures that negative resistance will always be avoided. 


To illustrate the utility of these special circuits, the 
system of Fig. 5 is shown in an equivalent form in 
Fig. 6. Here each group of parallel lines is replaced 
with an appropriate equivalent. Note that the links 
of these equivalent circuits are all expressed in terms 
of the self-impedances and mutual impedances of the 
lines, Mj; being the self-impedance of line 7 and Mj, 
being the mutual impedance between lines 7 and k. 
These coefficients are usually known, and if not, they 
may be readily measured or calculated. The set-up 
of Fig. 6 may be placed upon the calculating board 
and used for determining the magnitude and distribu- 
tion of ground-fault currents for various fault loca- 
tions, as, for example, at some point P, or on any bus. 
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Concentration of 
Heating Currents 


The proximity effect, usually considered 
as undesirable and wasteful, may be used 
to concentrate heating currents in pre- 
determined strips of conducting bodies. 
Both the current density and shape of 
the strip may be so controlled as to make 
this method valuable in a number of 
heating processes. 


By 
EDWARD BENNETT University of 
FELLOW A.I.E.E. Wisconsin, Madison 


Beet. heating currents fre- 
quently are used in industrial operations such as 
welding, forming, and hardening. Where it is de- 
sired that the heating be confined to predetermined 
strips of the conducting bodies, the ‘‘proximity”’ 
effect may be utilized to control the path of the 
heating current. 

The “proximity” effect, as it is called, is the re- 
distribution of the current densities over the cross- 
section of conductors which occurs when 2 conductors 
at first remote from each other are brought into close 
proximity. Currents flowing in opposite directions 
in two such conductors cause the current density 
in the closely adjacent filaments of the conductors 
to be higher than in the more remotely separated 
filaments. The less the separation of the conductors 
and the higher the frequency, the greater will be 
the variation of the current density. This effect 
may be magnified to serve a very useful purpose in 
many industrial heating operations. 

Bibliographies of the literature dealing with the 
distribution of current densities over the cross- 
section of conductors will be found at the end of the 
following papers: “‘Experimental Researches on 
Skin Effect in Conductors,” A. E. Kennelly, F. A. 
Laws, P. H. Pierce, A.I.E.E. TRANS., v. 34, 1915, 
p. 1953-2018; and “Bessel Functions for Alternat- 
ing Current Problems,’ H. B. Dwight, A.I.E.E. 
TRANS., v. 48, 1929, p.820. The second bibliography 
contains references to papers appearing since the 
preparation of the first. 

The confining of the heating currents to predeter- 
mined strips is accomplished by using currents of a 
frequency in the range known as the audio range, 
and by the electrical connections and space arrange- 


Based upon ‘‘The Proximity Effect, Its Application to the Concentration of 
Heating Currents in Predetermined Strips’’ (No. 32-54) presented at the 
A.I.E.E. Great Lakes District meeting, Milwaukee, Wis., March 14-16, 1932. 
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ments illustrated in Figs. 1 to 6. An examination 
of these arrangements will show that they may be 
grouped under the following classifications: 
1. Current conductively conveyed to the body to be heated. 
a. The shapes and the connections of the heated bodies alone 
determine the strips in which the current concentrates. 
See Figs. 1, 2, and 3. 


b. An auxiliary water-cooled conductor is used to determine the 
strips of concentration. See Figs. 4 and 5. 


2. The current is induced in the strip to be heated. A tubular 
water-cooled inducing coil lies in close proximity to the strip and 
there is no conductive connection with the body to be heated. See 
Fig. 6. 


In each diagram, the transformer symbol repre- 
sents the source of audio frequency current. The 
arrows represent the directions of the currents at a 
given instant of time. For the sake of clearness it 
has been necessary to draw the parts with consider- 
able distance between the adjacent edges; but in the 
actual equipment, this gap is of the order of a few 
millimeters or centimeters, depending upon the 
thickness of the edges. The heating currents may 
be confined to layers ranging in depth from a few 
millimeters to several centimeters. 

The first sight of the red-hot strip of steel conform- 
ing to the sinuosities of the water-cooled copper tube 
mounted above the steel plate illustrated in Fig. 5 
is found to be somewhat startling even to engineers 
who have witnessed the heating effects obtained 
with the arrangements shown in Figs. 1, 2, and 3. 

In all of the arrangements illustrated in these 
figures, the control over the pattern according to 
which the current densities are to decrease from the 
center line to the edges of the selected strip and from 
the surface of the strip to the interior of the body is 
had by the joint adaptation of 3 things; namely, 
the frequency of alternation of the heating currents, 


Fig. 1. 


Connections for heating edges of plates 

Fig. 2. Connections for heating an edge and a strip 
Fig. 3. Connections for heating ends of pipes 

Figs. 4 and 5. Connections for an auxiliary conduc- 
tor which determines the path of the heating current 


559 


© 
Fig. 6. Strip heating by an inducing coil 


Table I—Values of the Penetration Unit 


Relative 
Material Resis- Permea- Fre- Conductivity P. unit 
Temp. °C. tivity bility quency mho-cm. cm. 
Copper DO etait 1 tm cte, ba pees POO ges OOO OOO S noua are One 
Steel MO eas 11 coe ONO more oO o-oc chen CHAU. oc-o OLZA0) 
Steel SOO Fray: O4 as Rector) Leos GOOrr, 6,240 eo a.m 06 
Steel PS00; ra: 100 neon Leeks Meee DOO as one oe Os SOO ssn 
Warthitneatera cise sia Ocoee LOls oe. sum a GOere ee iL Omura Oo.000) 


the distance from the surface of the strip to the 
second conductor, and the width and cross-sectional 
shape of this second conductor. A high-frequency, 
a short distance between the surface of the strip to 
be heated and the second conductor, and a narrow 
second conductor lead to the concentration of the 
heating current in a narrow strip. 

In dealing with the distribution of alternating 
currents over the cross-section of conducting bodies, 
it is very helpful to express all linear dimensions, 
not in centimeters but in terms of a unit of length 
appropriate to this problem. This unit of length 
may be called the “penetration unit” for the material 
at the frequency in question. The advantage of 
using this unit is that it makes possible the represen- 
tation, by a few curves, of the distribution of the 
current for a wide range of conducting materials, 
spacings, and frequencies. 

The length of the penetration unit is, 


1 
Va fury 


(1) 


1 P unit (penetration unit) (in cm.) = 


where 


f represents the frequency 

y represents the conductivity of the conductor in mho-cm. 

w represents the permeability of the conductor in weber ampere- 
turn em. units. (u = 4 72 107° for non-magnetic materials.) 


The values of the penetrat’on unit for different 
materials and frequencies are as shown in Table I. 

In order that a physical significance may attach to 
the penetration unit as defined in eq. 1, the follow- 
ing statements may be noted. The effective resis- 
tance to an alternating current of frequency f 
of a conductor of circular cross-section, the radius 
of which is 5 or more times the penetration unit of 
the material at the frequency f, is approximately 
equal to the ordinary ohmic resistance of a surface 
layer of the conductor having a depth equal to the 
penetration unit. Again, at a depth of 1 penetra- 
tion unit below the surface of such a large conductor, 
the current density is approximately 36.8 per cent 
of the density at the surface, and it lags by 1 radian 
behind the current density at the surface. 

To illustrate the extent to which heating currents 
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Fig. 7. Cur- 
rent densities 
at the surface 
of a slab for 
different 
mounting 

heights 


F-@WIRE 


Current densities 
are expressed in 
amperes per 
sq. penetration 
unit per ampere 
of heating cur- 
rent flowing in 
the auxiliary 
conductor. The 
distances x and 
h are expressed 
in penetration fo) 2 4 6 8 10 12 14 
units DISTANCE x IN P. UNITS 


CURRENT DENSITIES AMPERES PER SQ.P U. PER AMPERE 


can be caused to concentrate in narrow strips by 
enhancing the proximity effect, the current densities 
have been worked out and plotted for the arrange- 
ment illustrated in Fig. 5, except that the auxiliary 
conductor has no sinuosities but is in the form of a 
long straight wire mounted over a wide conducting 
slab of a thickness 5 or more times the penetration 
unit of the material at the operating frequency. 
The radius of the auxiliary conductor has been 
assumed to be very small in comparison with its 
mounting height, /, say 5 per cent or less. 

The current density C at any point A in the slab 
may be computed from the following Fourier integral. 


Se 
i ar J Vb? + 
0 


where 


1 
Seon cos xb exp(— hb — y 


Vb? + 2j)db (2) 


C represents the current density at A in amperes per sq. Pen. unit 


b represents the variable of the integrand. It disappears from the 
integral upon substituting the two limits 0 and o 


I represents the value of the heating current in amperes 

h represents the height of the auxiliary conductor above the surface 
y represents the depth of the point A below the surface 

x represents the x coordinate of the point A, as shown in Fig. 7 
My represents the relative permeability of the conducting slab 

j represents V/— 1 


exp (—hb) represents the exponential series in (—fb). (The values 


of x, y, and h# are to be expressed in P units.) 


Eq. 2 is valid for materials and frequencies in 
which the conduction current density is 100 or more 
times as great as the displacement (charging) current 
density. For copper at a frequency of 1,000 cycles 
per sec., the conduction current density is 1015 times 
the displacement current density. 

If the slab is of non-magnetic material, or of ferro- 
magnetic material at temperatures above the point 
at which the material becomes non-magnetic, u, has 
the value unity, and eq. 2 reduces to the following 
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rm which is equivalent to that given by J. R. 
arson in ‘‘Wave Propagation in Overhead Wires 
Vith Ground Return,” Bell System Tech. Jl., Oct. 
926, p. 539-54. 


’ 


aims 


i [V/b? + 27 — b] cos xb exp 
0 


(— hb — y v/b? + 27) db (3) 


For mounting heights for the auxiliary conductor in 
vhich f/ is greater than 20 penetration units, eq. 3 
or non-magnetic materials evaluates to the simple 
orm 


y= AIF (exp — 9) (C08 y — jsiny) 1 (4) 


T 

\n examination of Table I will show that the value of 
he penetration unit for steel at a frequency of 960 
rycles per sec. lies between 0.07 cm. for steel with an 
issumed relative permeability of- 100 and 2.14 cm. 
or steel at a temperature of 1,300 deg. cent. For an 
wuxiliary conductor mounted at a height of 1 cm. 
ibove the conducting slab, the important range of 
nounting heights for this steel would lie between 
1 = 0.5 and h = 20 penetration units. 

In Fig. 7 are contained curves, each worked out 
or a different mounting height of the auxiliary con- 
luctor, which show the manner in which the cur- 
ent density at the surface of the slab falls off on 
‘ach side of the center line of the heated strip. All 
he curves have been plotted for material in the non- 
nagnetic state save the curve marked uw, = 100, 
n which the relative permeability has been taken 
oo be 100. The effect of the permeability of the 


at its welding temperature and a 960 cycle heating 
current. For this important case, Figs. 8 and 9 
show the distribution of current densities at the 
surface and at points in planes located at depths of 
1 and 2 penetration units below the surface. These 
figures also show the phase of the current density 
at these points, relative to the phase of the total 
heating current. The current density along the 
center line of the strip is seen to be 60 deg. in advance 
of the total current. At points in planes 1 and 2 
penetration units beneath the surface, the current 
density lags substantially 1 and 2 radians behind 
the current density at corresponding points on the 
surface, and has decreased to roughly (1/e)th and 
(1/e)? of its value at the surface. In the surface 
at a distance of 2 penetration units from the center 
line of the strip, the current density is seen to be 
40 per cent of the value on the center line, and thus 
the power expenditure per unit volume is only 16 
per cent as great as along the center line. 

The relative effect of close proximity of the auxili- 
ary conductor and of a high frequency of alternation 
in contributing toward the concentration of the 
heating currents in narrow strips is brought out more 
clearly by plotting the current densities at the surface 
against the ratio of the distance x of the filament 
to the mounting height / of the auxiliary conductor, 
as in Fig. 10. 


ECONOMIC AND PRACTICAL FEATURES 


A number of important questions of an economic 
and practical nature remain to be solved before the 


steel in confining the current to a thinner surface Fig, 9, Current den- 
ayer of the steel and thereby causing a wider spread ities and phase angles 2 
A ; 60° W 
of the current is to be noted. ; for @ mounting height i 
A mounting height of one penetration unit means : 3 40° 9 
; ee of one penetration unit w 
hat the height of the auxiliary conductor above the Fe 100 20% 
lab would be about 2 cm. for a steel slab with a strip The current densities are, Cin 
given in per cent of the Z 2 
current density directly be- VY ®° 20eus 
low the wire. 2, y, and -40°% 
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Fig. 8. Current The phase angles are the > pom 
Sie f angles by which the cur- & 80°S 
densities Or 4 rent density leads the Z a o 
mounting height of heating current : 
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The current densities 
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rectly below the wire. 
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ties at the surface of a slab 5 
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the current density existing immedi- e 
ately under the wire at thet height. © 
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The distance h is expressed in pene- 
tration units 


RATIO x/h 


practise of selective heating, by means of the prox- 
imity effect, can be established as a shop process. 
The experiments upon which this article is based 
have been limited to the experience to be had with a 
condenser mercury-spark-gap source of high fre- 
quency currents having a rating of 35 kw. 

The most economical range of frequencies for use 
in the process remains to be determined. Many 
factors which vary from operation to operation, such 
as the kind and size of material to be heated, the 
nature of the desired temperature pattern, and the 
relative cost of generating energy at the different 
frequencies will serve to determine the range of 
frequencies which will be the most economical. 
Present experience would indicate that the economic 


Conductor Vibration ., 
Transmission Lines—ll 


Field tests substantiate the results of theo- 
retical and laboratory investigations of 
conductor vibration on electric power 
transmission lines treated in an article ap- 
pearing in the July issue of ELECTRICAL 
ENGINEERING. Among other impor- 
tant findings it is shown that adequate 
practical protection against damage from 
conductor vibration can be provided by 
the proper use of armor rods or dampers. 


By 
R. A. MONROE R. L. TEMPLIN 
ASSOCIATE A. I.E.E. 


NON-MEMBER 


Both of the Aluminum Company of America, Pittsburgh, Pa. 


mae OBSERVATIONS of conduc- 
tor vibration on operating power lines in various 
parts of the country have been coordinated with 
laboratory research. Early in 1930 it was decided 
to establish a field laboratory equipped for accurate 
study; accordingly a station was established near 
Royse City, Texas, about 35 miles east of Dallas. 
Chief among the considerations which led to the 
selection of this site were the flat unobstructed topog- 
raphy and the remarkably steady wind conditions. 
A vacant position on an existing steel tower line was 


Essentially full text of the last portion of a paper, “Vibration of Overhead 
Transmission Lines’ (No. 32-90) presented at the A.I.E.E. summer convention, 
Cleveland, Ohio, June 20-24, 1932. 
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frequencies may be expected to center upon 960 — 
cycles per sec. 

Unquestionably the control of the distribution of 
heating currents which is made possible by the appli- — 
cation of the proximity effect opens up a new range © 
of industrial heating effects. It is possible to raise 


the temperature of a predetermined strip a few 
millimeters deep in a conducting plate to reach a_ 


welding temperature, while portions of the plate a 


few centimeters away may be substantially at room > 
On the other hand, more gradual 


temperature. 
changes in temperature also may be secured if de- 
sired. A hitherto unattainable nicety of control 


of the distribution of temperatures in hodies is made | 


available by the application of the proximity effect. 


Fig. 8. Observation structures for field tests, Royse 
City (Tex.) experiment station 


made available for experimental work by the Texas 
Power and Light Company and additional spans 
were erected on wood H-frames at nearly a right 
angle to the existing line. This site has proved to 
be excellent, for hardly a day has passed without 
vigorous vibration being recorded on at least 1 of the 
2 test lines. . 

In addition to the field studies at Royse City, 
observations have been conducted on operating 
lines as follows: 

1. The Public Service Electric and Gas Company of New Jerseyit 


220-kv. Roseland-Bushkill line; 795,000-cir. mil A.C.S.R. conductor 
and 203,000-cir. mil A.C.S.R. ground wire. 


2. The Pennsylvania Power and Light Company 220-kv. 
Plymouth Meeting-Siegfried line; 184,000-cir. mil ground wire. 


3. The Idaho Power Company 132-kv. Caldwell-Ontario line; 
4/0-A.C.S.R. conductor. 


Engineers of the New England Power Company 
have observed that under certain conditions a 
charged conductor tends to vibrate, presumably 
from the effect of corona. While allied to the general 
problem of conductor vibration the occurrence of 
vibration of this sort is probably rare. The Pacific 
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sas and Electric Company has made field observa- 
ions of conductor vibration, and also laboratory 
xperiments on vibration dampers. Space limita- 
ions, however, prevent including more than refer- 
nce to the experimental work of these and other 
ompanies. 


\RRANGEMENT OF TEST EQUIPMENT 


At Royse City two test lines are available at an 
ngle of 74 deg. thus insuring one line being favorably 
xposed for vibration regardless of wind direction; 
pan lengths are 650 and 1,225 ft. on the steel towers, 
nd 416 and 1,226 ft. on the H-frames. The ground 
vire on the steel towers is */s-in. diameter 7-strand 
teel, while the conductors of the 132-kv. circuit on 
he towers are 4/0 A.C.S.R. (aluminum cable steel 
einforced) equipped with armor rods. Other sizes 
nd special types of conductors have been installed 
nnd observed for short periods. Conductor tensions 
re adjustable at the anchorages. General arrange- 
nent of the observation towers, which extend 12 ft. 
ut under the conductors, may be seen in Fig. 8. 

A satisfactory instrument for obtaining 24-hour 
bration records was made by using an 8-inch 
liameter wax-coated, clock-driven chart on which 
he vertical motion of the conductor was recorded by 
| stylus attached to.a pivoted arm. (See Fig. 9.) 
‘or small conductors the inertia and friction of the 
ivoted arm damped the vibration considerably; 
herefore a very light stylus attached directly to the 
able was substituted. This latter arrangement, 
lowever, is satisfactory only if longitudinal motion 
f the conductor is restrained. 

A continuous record of wind direction and velocity 
vas obtained by an anemometer which records 
lectrically the passage of each mile of wind on a strip 
hart, and a weather vane with a cam-actuated pen 
vhich records direction simultaneously on the same 
hart. The velocity for short periods was deter- 
nined with a stop-watch and buzzer which indicates 
/eo of a mile. 

The frequency recorder consists of a uniform-speed 
notor-driven strip chart on which a trace of the 
ribration is recorded by a pencil connected to the line 


Conductor vibration recorder 


Fig. 9. 


LUGUST 1932 


by a cord and spring. In addition to the foregoing, 
a thermograph was used to record temperature, and 
provision was made for observing sag and tension in 
the conductors. 


‘THEORETICAL CHARACTERISTICS OF VIBRATION 


In Fig. 10 is given a graphical solution of eq. 1 
(“Conductor Vibration on Transmission Lines—I,”’ 
ELECTRICAL ENGINEERING, July 1932, p. 482-7). 
This shows the theoretical relations between fre- 
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Fig. 10. Relation between weight, tension, loop 
length, and frequency of a vibrating cable 


quency, loop length, tension, and weight of a vi- 
brating cable for common conductor sizes and ten- 
sions. A formula expressing theoretical frequency 
of vibration developed experimentally by Relf and 
Ower (‘The Singing of Circular and Stream Line 
Wires,’”’ Aeronautical Research Committee Report 
No. 825, March 1921) is as follows: 


V 
aot P= 14 
fak> (14) 
where 
V = velocity of wind in mi. per hr. 
D = outside diameter of the cable in in. 
k = a function of (VD/e) where e depends upon the medium, 


e being 0.000159 for air. For ordinary sizes of conductor k is 
a constant having a value of 3.26 


A graphic solution of eq. 14 is given by Fig. 11. 
This formula applies to a uniform wind velocity 
normal to the axis of the wire. Such ideal wind 
conditions rarely if ever exist over a transmission 
span, for both velocity and direction have been found 
to vary widely even in short spans. (‘‘Measurement 
of Wind Pressures on Overhead Lines,’ R. H. 
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Table II]—Vibration Data Pertai 


ning to Records Shown in Fig. 12 


Conductor Wind Observed Vibration 
Calculated 
Frequency Frequency 
Record Cir. Mils Diameter Span Tension Velocity Angle Loop Amplitude Cycles Cycles 
No or B&S Gage in In. Length, Ft. in Lb. Mi. per Hr. Deg Length, Ft. in 32nds In. per Sec. per Sec. 
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Fig. 11. Graphical solution of Relf and Ower 


formula for wind eddy frequency of circular cables 


Sherlock, N.E.L.A. Bulletin, Jan. 1931, p. 29.) 
(‘Characteristics of Wind Gusts,” R. H. Sherlock 
and M. B. Stout, N.E.L.A. Bulletin, Jan. 1982, p. 20.) 
Velocity varies with elevation, and in a long span the 
height of conductor is not constant; direction shifts 
rapidly as indicated by any weather vane. The 
normal component of velocity probably should be 
used in computing frequency when direction of the 
wind is oblique. This assumption seems to be in 
error for small acute angles. A cable has consider- 
able inertia and when once vibrating in any particu- 
lar mode will not change frequency quickly with 
slight changes in wind direction or velocity. For 
these reasons the observed frequency sometimes 
differs greatly from the theoretical, but with steady 
wind and obliquity not under 45 deg. the agreement 
usually is close. 


FIELD RECORDS OF VIBRATION 


Numerous records of frequency and amplitude for 
conductors of various sizes have been obtained. 
Fig. 12 shows characteristic vibration records for 
each of four sizes of A.C.S.R. with pertinent data 
given in Table III. Agreement between observed 
and calculated frequencies is fairly close. These 
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Fig. 12. Vibration records for four sizes of A.C.S.R.; 
see Table Ill 


records all show recurring beats, possibly caused by 
variations of wind velocity; with span length and 
frequency known, the time between recurrences of 
any particular beat determines velocity of wave 
propagation, tension, and theoretical loop length. 

Observation proves the statement that cables of 
any material will vibrate when conditions are favor- 
able. One of the earliest instances of damage from 
vibration was recorded over 20 years ago on the 
Carquinez Straights Crossing of the Pacific Gas and 
Electric Company. A few years after installation 
breakage of strands was discovered in the heavy 
plough-steel conductors. It is interesting to note 
that the use of parallel reinforcing or stiffening 
cables extending some distance out from the support, 
which was developed here, have been used since on 
many long river crossing spans. 

Records of frequency and amplitude of vibration 
for conductors made of materials other than A.C.S.R. 
are shown in Fig. 13; data pertaining to these records 
are given in Table IV. 


INFLUENCE OF TENSION 


Vibration frequency is a function of wind velocity 
and diameter of conductor and is independent of 
tension. From eq. 1 it may be seen that for a given 
frequency the loop length, however, varies directly 
as the square root of the tension. Therefore, an 
increase in tension increases loop length and theo- 
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tically should render it more difficult for the con- 
uctor to fall into resonance with the wind eddy 
‘equency. 

Field records to determine the effect of tension 
ere obtained at Royse City; 2 No. 2 A.C.S.R. 
onductors were erected on a 416-ft. span with 
snsions of 500 and 750 lb., respectively. Simul- 
aneous 24-hr. records were taken for several weeks, 

typical record being shown in Fig. 14; as may be 
en, both conductors vibrated for about the same 
eriod of time and the amplitude increased slightly 
ith an increase in tension. 

Another tension test was made on a 1,160-ft. span 
f 795,000 cir. mil A.C.S.R. in New Jersey. The 
ension was 5,400 lb. in one of the parallel conductors 
nd 9,000 Ib. in the other, a difference’ of over 50 per 
ent. Comparative records were obtained for sev- 
ral weeks during which vibration occurred on a few 
ecasions, but for short periods only. The results 
ere comparable to those obtained at Royse City. 

From these tests it appears that vibration will 
ecur at any practical tension when wind conditions 
re favorable. A reduction of tension decreases the 
irect stress in the conductor but does not decrease 
ae tendency to vibrate. 


D 


INFLUENCE OF CONDUCTOR SHAPE 


It is obvious that the.shape of a conductor should 
influence its vibration, and field tests prove that it 
actually does. At Royse City the relatively smooth 
No. 2 and 397,500 cir. mil A.C.S.R. are observed to 
vibrate more frequently than the 4/0 which has a 
comparatively rough exterior due to larger strands. 

A special test to show influence of shape was made 
with three No. 2 all aluminum conductors, 1 a single 
wire, L-of, 3:strands,-and 1 of 7 strands) ‘Over 
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Fig. 14. Vibration records showing effect of tension 
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period of several weeks 24-hr. vibration charts were 
obtained for several tensions. The recorders being 
set the same distance from the supports, and the 
tensions being the same, the amplitudes are com- 
parable. Typical charts are shown in Fig. 15; these 
indicate that the 3-strand cable vibrated least 
frequently and with the smallest amplitude, the 7- 
strand was second, and the solid wire vibrated the 
most. In no case was vibration absent. 

Another test was conducted on a special eccentric 
A.C.S.R. (418,000 cir. mils of aluminum); the outer 
layer of strands in this cable, being graduated in 
size, formed an enlargement which wound helically 
around the conductor axis. This cable was installed 
on a span of 1,125 ft. parallel to a standard 397,500 


cir. mil A.C.S.R. of approximately the same diameter, 


and proportion of steel. A record showing com- 
parative vibration of the 2 cables is shown in Fig. 16. 

These experiments show that amplitude can be 
reduced by variation in shape but that it is doubtful 
if a practical vibrationless conductor can be obtained 
in this manner. 


ENERGY TRANSMITTED TO SUPPORTS 


Severe conductor vibration sometimes causes sup- 
porting structural members to vibrate noticeably, 
and fatigue failures at bolt holes in small alloy steel 
crossarm members have been reported. To measure 
the variation in vertical load transmitted to the 
structure a small steel rod of high elastic limit was 
inserted between the suspension clamp and the 


Table V—Vibration Data Pertaining to Records of Fig. 17 
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Fig. 16. Vibration records showing effect of eccen- 
tric conductor cross-section 
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insulator string on a 1,125-foot span of 795,000 cir. 
mil A.C.S.R. An accurate load-deformation curve 
for this rod had previously been determined with a 
Huggenberger tensometer. Several readings made 
under varying conditions of vibration showed that 
the variation in vertical load was of the order of 100 
to 150 Ib. 


MOovING PICTURES OF VIBRATING CABLE 


An ordinary moving picture camera taking 16 
exposures per second is too slow to show vibration at 
a frequency of 25 cycles or more; a high-speed 
camera, however, taking 128 exposures per second — 
‘slows down”’ the vibration so that the motion of the | 
cable can be followed readily on the screen. One 
reel was taken of a 795,000-cir. mil A.C.S.R. while 
the wind velocity was high and the cable vibrating 
with short loop length, high frequency, and small 
amplitude. A second reel was taken while the wind 
velocity was low with correspondingly lower fre-— 
quency, longer loop length, and greater amplitude. 
Rocking of the suspension clamp is clearly shown and 
beat pulsations are evident. | 
EFFECT OF DAMPERS | 

i 

The problem of damping a vibrating conductor 
differs from many damping problems in that the 
damper must be effective over a wide range of 
frequencies. This precludes the use of a tuned 
dynamic vibration absorber for which the theory was 
presented by J. Ormondroyd and J. P. DenHartog 
(“The Dynamic Vibration Absorber,” Tvans. 
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Fig. 17. Vibration records showing effect of 


dampers on A.C.S.R.; see Table V 
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Table VI—Vibration Data Pertaining to Records Shown in Fig. 18 


Conductor Wind Observed Vibration 
. Calculated 
; Frequency Frequency 
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Fig. 18. Oscillographic vibration records showing 

effect of dampers on 4/0 A.C.S.R., Caldwell- 

Ontario (Idaho Power Company) 132-kv. line; see 
Table VI 


.S.M.E., 1928). Such an absorber theoretically con- 
mes no energy; hence it seems that it cannot 
amp vibration where there is a continuing input of 
nergy as on a transmission line. The dynamic 
bsorber with damping is effective over a broad band 
f frequencies and also consumes energy. The 
1eoretical formulas of the Ormondroyd-DenHartog 
aper for this type of damper are applicable to a 
ibrating cable in principle only and require extensive 
1odification and laboratory determination of certain 
ynstants. 

It is of interest to note that a simple weight of 
litable size at the center of one loop of a vibrating 
uble is somewhat effective asa damper. The added 
eight alters the natural period of that one loop and, 
ith the forced vibration which then ensues in that 
articular loop, the vibration is damped by con- 
imption of energy in the conductor itself in that 
op. The practical difficulty is, however, that a 
ode is soon established at the weight and vibration 
renewed. 

Energy which must be consumed to damp vibra- 
on is undoubtedly extremely small in amount. 
his is evident from the theoretical formula de- 
eloped by Bate (““The Vibration of Transmission 
onductors,” Trans. Inst. Engrs., Australia, 1930, 
277) for the input of energy to a cable from wind 
ldies. His formula involves several assumptions 
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ONE DAMPER REQUIRED AT 
EACH END OF SPANS OF 
MODERATE LENGTH 


TWO OR MORE DAMPERS 
MAY BE REQUIRED AT EACH 
END OF LONG SPANS 


Fig. 19. Stockbridge damper assembly 


which have not been proved but the method of 
derivation is logical and dimensionally it is probably 


correct. The formula gives the energy input per 
loop per cycle, G in ft.-lb., as follows: 

G = 0.000022 V2DAL’ (15) 
where 

V = velocity of wind in mi. per hr. 

D = outside diameter of the cable in in. 

A = amplitude of vibration in in. 

L’ = loop length or distance between node points in ft. 


This formula shows that the input of energy is | 
proportional to the amplitude; hence if amplitude 
can be restrained to a small value the energy input 
will be small. This agrees with the observed fact 
that vibration builds up slowly and is damped easily 
at first. 

One reason for establishing the outdoor laboratory 
was to study the action of dampers. The usual 
method of observation is by comparison of 24-hr. 
vibration records from 2 conductors identical in size, 
span length, and tension, 1 damped and 1 undamped. 
Many different dampers have been tested at Royse 
City, and hundreds of comparative records have been 
obtained. 

The most successful damper tested is essentially a 
mass resiliently attached to the conductor in the loop 
nearest the support and so designed that energy is 
consumed by friction or mechanical hysteresis. 
This damper was developed by G. H. Stockbridge of 
the Southern California Edison Company. The 
usual form consists of 2 weights connected by a 
short piece of stranded steel cable, this assembly be- 
ing attached to the conductor a short distance out 
from the insulator. This damper is simple and 
practical to construct and easy to install, even on hot 
lines. The weight, size, and length of stranded 
cable, and location in the span vary for different 
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diameters of conductor. For spans of moderate 
length, say under 1,000 ft., 1 damper at each end of 
the span is required. 

Comparative 24-hr. vibration records are shown in 
Fig. 17 with supplementary data in Table V, for a 
damped and an undamped span of 4 sizes of A.C.S.R. 
at Royse City, including wind direction and velocity 
recorded at one end of the span. It is evident that 
the dampers suppressed practically all visible vibra- 
tion; also that the energy input from the wind is 
directly proportional to the length of the span. In 
long spans better damping is obtained with 2 dampers 
at each end, while 3 or more may be required on 
extremely long spans. 

A damper cannot act effectively until the conduc- 
tor vibration acquires a certain amplitude. This is 
manifested by a slight quiver which can be felt but 
barely seen. The 24-hr. charts, however, do not 
show this clearly. Recently a series of records from 
a free and a damped span of 4/0 A.C.S.R. was 
obtained by engineers of the Idaho Power Company 
using a carbon pile oscillograph; Fig. 18 shows 2 of 
their oscillograph records. The ripple in the damped 
cable is scarcely visible even at the enlarged scale. 

Many tests on Stockbridge dampers have been 
made to determine the best dimensions and point of 
attachment to the conductor. The dampers are not 
critical either as regards size or spacing—a variation 
of 25 per cent in any factor will not seriously affect 
performance. Fig. 19 shows the style of Stockbridge 
damper used in this investigation. To avoid corona 
discharge this design embodies cylindrical weights 
which shield the damper cable, and a clamp having 
no sharp corners. 


ARMOR RODS 


Armor rods are primarily reinforcement but they 
also are effective as dampers. Numerous compara- 
tive records have indicated that they reduce vibra- 
tion amplitude by 10 to 20 per cent. Armor rods 
reduce stresses by distributing the bending from 
vibration, reinforce the cable at the point where the 
stresses are greatest, and furnish valuable protection 
against flashover burns. 


CONCLUSIONS 


Principal findings of the field tests described in 
this article may be summarized as follows: 
1. Theoretical formulas (loc. cit.) expressing relationship between 


frequency, loop length, tension, and weight of a vibrating conductor 
are in good agreement with field observations. 


2. The Relf and Ower formula (loc. cit.) for the frequency of a 
vibrating cable is substantially correct. 


3. Any suspended cable will vibrate when conditions are favorable. 
4. Any feasible reduction in tension will not prevent vibration. 


5. Modifications in shape of cable cross section and stranding have 
some beneficial effect in reducing amplitude, but the results do not 
support the idea that a vibrationless cable can be evolved. 

6. Variation in vertical load transmitted to the insulator is not 
large. 

7. Slow-motion moving pictures of vibrating cable enable the 
motion to be followed by eye but have been of little assistance. 


8. A properly designed damper will prevent vibration of any 
appreciable amplitude, and since the input of energy from the wind 
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varies directly as the amplitude an effective damper is required to 
absorb but little energy. 


9. The Stockbridge damper gives best results, is simple in design 
and construction, has no moving parts, and is easy to install. 


10. Armor rods are primarily reinforcement although they reduce 
the amplitude of vibration by 10 to 20 per cent. 


11. Adequate practical protection against damage from vibration 
of conductors is afforded by proper use of armor rods or dampers. 


Engineering Subjects in 
the College Program 


For each of a large number of technical 
institutions, the various electrical and 
related subjects in the 4-year college 
program of electrical engineering have 
been subjected to an analysis. The 
results of this study are presented herewith, 
with suggestions for improvement in exist- 


ing curricula. 
By 
ALFRED H. LOVELL Univ. of Michigan, 
MEMBER A.L.E.E. Ann Arbor, Mich, 


I. THE FIELD of education for 
electrical engineering both the teacher and the 
practising engineer are vitally concerned; the 
teacher, because it is his life work, the practitioner 
because the young graduates are presumably trained 
to meet the specifications of his profession, to join its 
ranks, and to work beside him in the years to come. 
Obviously the working relations of man to man and 
the characteristics of the profession will be deter- 
mined more or less by the nature of the training 
given the young men who come into it at the rate 
of approximately 3,000 a year. In this sphere 2 
great national organizations, the Society for the 
Promotion of Engineering Education and the Ameri- 
can Institute of Electrical Engineers, have mutual 
interests and interlocking membership. It would 
seem well to set aside for the special consideration of 
the S.P.E.E., the methods of selection, the study of 
teaching methods, the operating details, and organi- 
zation of curricula; but certainly then, it is the 
special function of the A.I.E.E. to advise as to the. 
economic and professional content and interrelations, 
of programs. ; | 


Full text of ‘‘Engineering Subjects, Electrical and Cognate, in the Four-Year | 
College Program of Electrical Engineering’ (No. 32-74) presented at the} 
A.I.E.E. summer convention, Cleveland, Ohio, June 20-24, 1932. 


ELECTRICAL ENGINEERING 


As a matter of background, the study of engineer- 
ig education by the S.P.E.E., 1923-1929, brought 
ut a synthesis of opinion from teachers and engineers 
s to what engineering curricula should be. This, 
resented in “Report of the Investigation of Engi- 
eering Education,” v. 1, p. 418, is as follows: 


Moderate diversity but tending away from specialization. 


Dominance of the scientific and broadly technical content and 
nphasis. 


Inclusion of a well-identified core of required subject matter. 
Inclusion, at all stages, of subjects of purely cultural value. 


_ Due emphasis (though not predominant) on the economic aspects 
engineering and on their bearing on administration and manage- 
ent. 


Coherence of arrangement and coordination of related subjects. 


Thoroughness rather than completeness of detail. 


It will be remembered with regard to “‘specializa- 
ion’”’ that instead of the general sense of the word as 
pplied to the differentiation of instruction in ac- 
ordance with the major divisions of engineering— 
ivil, electrical, mechanical, etc., the S.P.E.E. used 
he term in the above discussion in a narrower sense 
s applied to a further degree of differentiation of 
urricula within the major fields themselves, such, for 
xample, as the provision of distinct curricula in 
unitary engineering, structural engineering, and the 
ke, within the major field of civil engineering. 
‘there was common agreement between the teachers 
nd engineers that the primary purpose of instruction 
1 specialized engineering subjects should be to teach 


Table I—Semester Hours Average Requirements 
for Graduation in Electrical Engineering 


S.P.E.E. Report, 1923-1929 S.P.E.E. Report, 1930 


Subject Group Units Subjects Units 
° Technological Subjects 

ectrical Engineering......... 34.4 Major; Branch, 2 uct amis 39.0 
ther Engineering............ 42.1 Other Technical Subjects...... 23.5 
agineering Electives.......... 6.8 Hlectivessataccactsavna ts! LOA 
on-Engineering Electives..... 1.8 SHOP Wocsc cb ersiclie cies Sa ee EO: 
BEDE HANCOUS tere crests reiauss 5,5 0.1 ID ra wag were Pages tvedtietne eo eae 7.2 
movand Mil> Training), ; ..<. 6.6 Phys, and Mil. Education...... 4.6 
Mere AN UAE sete arenes ae ed Modern Foreign Language..... 1.2 
BEA SCIENCE sc. c eite so ct ce eee 4.4 HS CONONUCS See spcicserereleqscese ose, ac 4.7 
BYSICAL SCIENCE). 55 eben ues os 20.6 Physical Science: a; 250 c..ce as 2057 
Belisle ter ted y sat ot seas 8.9 Wnglisheaace whose ees 9.0 
EMCI ATICS ccf ota cc onate ess 18.9 Mathematics... neccien dn. asters 18.5 
tal Non-Engineering........ 63.6 
bal. Eengineering:....0....0. 2. 83.3 
SEMPER TeSCHIDe os c. sc dics -< mele 137.6 Total Prescatbed an: cu... + sso 133.0 
BIBLE CTV EG cic rare onsets aye Sicusi 9.3 Total Bléctive sens ..cs cece dnee 10.4 
Prat LOCAL serrate ccicihiercpene as LAO 9 Grand! Totals. so ssn. se L434 
umber of Institutions........ 55 Number of Institutions........ 51 


indamental principles and methods rather than to 
ain for particular kinds of work. The engineers 
mphasized the opinion that specialization is out of 
lace in undergraduate curricula and that thorough 
‘ounding in fundamentals is of paramount impor- 
ince. Yet many of the teachers believed that in 
aching specialized engineering subjects there is no 
sential conflict between preparation for particular 
eids of work and training in fundamental principles 
id methods, although the latter should always be 
le primary purpose. It has been a standard educa- 
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tional policy that principles are best taught in con- 
nection with their applications, and that the technical 
subjects proper should serve as media for teaching 
principles and the characteristic engineering methods 
of thought and analysis, instead of attempting 
preparation for specific types of practise. 

The engineers were strongly in favor of extended 
training in economics and for a greater emphasis upon 
the economic phases in the engineering subjects 
proper. A large majority of the teachers, engineers, 
and graduates who were questioned indicated the 
belief that foreign languages as taught at that time 
were not of sufficient value to warrant their inclusion 
as requirements in the engineering curriculum. Both 
teachers and engineers were in agreement that shop 
work should not be required of all students, but only of 
those enrolled in curricula most closely related to the 
manufacturing industries. As a result of these 
definite criticisms and recommendations, chiefly with 
regard to the preparatory and secondary courses in 
the curricula, many of the colleges have changed 
their requirements to meet the recommendations. 
The progress in this respect may be estimated by 
comparing the 2 columnsin Table I. Unfortunately, 
the 2 tabulations were not made in exactly the same 
subdivisions, but “Shop and Drawing”? listed as items 
in the 1930 report are evidently included in the 
“Other Engineering” item of the 1923-1929 report, 
while ‘‘Engineering Electives,’ ‘“‘Non-Engineering 
Electives” and “Miscellaneous” of the 1923-1929 
report are doubtless all combined into the item of 
“Electives” in the 1930 report. The other subjects, 
however, listed side by side, appear to agree exactly. 

The slight increase in English and economics with 
the corresponding decrease in modern foreign lan- 
guages is notable. Still this does not show the full 
effect of the change, since some colleges still are re- 
vising their curricula in this respect. For example, 
the college of engineering at the University of 
Michigan will change its requirements as of Septem- 
ber 1932, dropping 16 hours of foreign language or 
non-technical electives in favor of 4 additional hours 
required in English, 6 hours required in economics, 
and 6 hours of free non-technical electives. 

It is believed, then, that a great improvement has 
been made in the preparatory and secondary parts of 
the curriculum in electrical engineering as a result 
of the foregoing study and discussion. Some glaring 
omissions have been remedied and some old ideas 
have given way to new and present conditions. The 
fact that the recommendations after careful analysis 
by the colleges have been so widely adopted shows 
how valuable the recommendations of the practising 
engineers have been, and how much they have 
achieved. We should expect, therefore, similar 
advantages to accrue from a study and discussion of 
the technical portion of our curriculum in something 
like the detail which was thus given to the prepara- 
tory and secondary subjects. 


TECHNOLOGICAL SUBJECTS 
With regard to the technological portion of the 


curriculum in electrical engineering the tabulations 
of the total semester hours allotted to these subjects 
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in the major branch of electrical engineering itself, 
those in other engineering fields and those in engi- 
neering electives, in the 1923-1929 and 1930 S.P.E.E. 
reports, are given in Table II. 

It is noted that while there has been an increase in 
the central core of subjects in electrical engineering 
itself from 34.4 to 39.0, still the electrical curriculum 
contains fewer technical courses in its own field than 
any of the other major curricula, particularly those 
of chemical and civil engineering with their respective 
requirements of 44.9 and 50 semester hours in their 
own major branch. It would appear, then, that the 
electrical engineering students take proportionately 
more of their technical work in associated depart- 
ments and in electives, a situation which will heartily 
commend itself from the points of view of broad 
foundational training and freedom for the student to 
pursue his ambitions to at least a slight degree into 
some particular field of his own choice. 

The tendency to increase the number of semester 
hours of technical requirements in electrical engi- 
neering was noted in the 1923-1929 S.P.E.E. report. 
That it prevailed and resulted in an 11 per cent 
increase is shown by the report for 1930. In view of 
the close approach to an upper limit, should we not 
examine how scientific the training of a 4-year elec- 
trical student should be? Doubtless we are all 
agreed that he must have as an absolute minimum, 
say, some 16 semester hours of fundamentals in d-c. 
and a-c. machinery and steady-state circuits. But 
in the light of modern developments and in prepara- 
tion for some known problems of the future, how 
much further should we go? 

The electrical engineers who were consulted in 
1923-1929 as to which divisions of electrical engi- 
neering were of such importance as to warrant their 
inclusion in the training of all electrical students 
replied as shown in Table III. (It was taken for 
granted that a general foundation in the principles 
of electrical and magnetic units, laws, circuits, and 


Table II—Semester Hours Required for Graduation 
in Different Courses 


1923-1929 1930 
Subjects Units Subjects E.E. M.E. C.E. Ch.E 

Elec. Engg......... 34.4 Technological 

Major Branch.... 39.0.. 41.0.. 50.0.. 44.9 
Others ng gsc 2 csr 42.1 Other Technical 

Stibjects/ ss s/lon a 2304s 220 Sada mateo 
Engg. Electives..... O48 wlectivesin. si aees <u NOTE LO nomen ae en Owe 
GrandeLotaliins sss: 146290) Grand) Total... 143.4. .145.5..144.0..146.4 
No. of Institutions.. 55 No. of Institutions.. 51 .. 44 Ble eral 


machines would be required of course in every case.) 
In view of the developments of the past few years and 
of immediate future demands, surely the subject of 
electronics and vacuum tubes should be added to the 
list. Such a course should include an engineering 
approach to the theories of ionization, of the mecha- 
nisms of current flow and energy interchanges in 
ionized regions, and of thermionic, photoelectric, 
and other types of electron emission, as related to 
conducting gases at atmospheric and lower pressures. 


570 


The study should cover thermionic vacuum tube 
characteristics and types of circuits and tubes suit- 
able for rectifiers, amplifiers, detectors, and oscilla- 
tors. 


ANALYSIS OF COLLEGE CURRICULA 


Not all of the subjects in Table III are standard 
requirements in college curricula but nearly all are 
represented in the programs as requirements or avail- 
able electives, the exception being perhaps electro- 
chemical engineering which in practically every case 
is offered in the departments of chemistry. The 
study summarized in Table IV shows what a number 
of representative schools provide in required and 
elective courses in these subjects. 

It is notable that there is great consistency in the 
first 4 columns of Table IV in that nearly all colleges 
require a group of fundamental courses of not less 
than 16 hours and also provide 1 or 2 courses in 
transmission and distribution, power plants, and 
electrical machine design. The few schools whose 
catalogs do not show a course in electrical power 
plants provide a strong preparation in the courses 
they schedule in the heat power division of mechani- 
cal engineering. ‘There is also strong agreement in 
using the field of power plant engineering as the 
vehicle for applying economics to engineering prob- 
lems. In the remaining columns for the electrical 
division of Table IV the courses offered are mainly 
elective, the restriction of time allowing the under- 
graduate student probably not more than 1, or at 
most 2, courses in any division. Many colleges offer 


Table IlIl—Per Cent of Engineers Favoring Inclusion 
of Various Subjects 


Per Cent Subjects Per Cent Subjects 
67.5...Transmission and distribution SS). Oisieecet Illumination 

59.0... Power plant engineering Soaatere Electrochemical engineering 
57.0...Electric machine design 284s des Electric railways 
44.0...Industrial power engineering 22 Overs <e Telephony-telegraphy 
38.8... Hydroelectric engineering LO Orahrciek Radio engineering 


several sequential electives in the various divisions, 
but the courses are principally for graduate students. 
There are difficulties in analyzing the curricula in 
these divisions. Illumination may be offered in some 
cases in the department of physics; telephony, teleg- 
raphy, radio, and electronics, may be combined in 
various ways in courses given as communication 
engineering. 


RELATED ENGINEERING SUBJECTS 


In order that the preparation shall have a proper 
breadth, and that the graduate shall understand 
something of the problems facing his colleagues, what 
should be the training of electrical students in the 
fields of the associated technical departments of 
mechanical, chemical, and civil engineering? | 

In mechanical engineering the electrical student 
has need of a fundamental course dealing in elemen- | 
tary thermodynamics, steam, fuels, boilers, steam 


ELECTRICAL ENGINEERING | 
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Table IV—Required Semester Hours for Students of Electrical Engineering—1931 
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agines and turbines, condensers, internal combus- partment. At the University of Michigan the 


on engines, and the general problem of a power 
lant. Some time in steam laboratory would be 
aluable to vitalize the work. It will be necessary to 
stablish the standard ratings, efficiencies, methods 
f governing, and speed regulation of the prime 
lovers here so that they may be transferred to the 
ectrical courses concerned with the generator. 

To chemical engineering we look for a knowledge of 
le engineering materials with which to work. For 
sneral structural and power work every student 
eeds an elementary knowledge of the manufacture 
nd properties of the ferrous and non-ferrous alloys, 
ements, clay products, protective coatings, fuels, 
oiler scale, and water softening, together with 
ssociated laboratory experience in mechanical work- 
ig and heat treatment of the various metals, welding 
ractise, protection against corrosion, etc. In addi- 
on to these widely used materials which are gener- 
ly covered in the common introductory course in 
1emical engineering, the electrical student has a 
yecial interest in the silicon steels, in oils and papers, 
1 cold and hot flow materials, in phenol plastics, 
arnishes, tapes, and mica. Seemingly no course 
iven at the present time covers these materials 
hich are so essential to: the electrical designer. 
hey should be included in the more comprehensive 
st of fundamental materials for an electrical student. 
In civil engineering a common basic structural 
esign course may follow some 8 semester hours of 
igineering mechanics, or the same field may be 
yvered as applied mechanics in the last named de- 
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preparatory design courses in mechanics cover 
statics, 3 hours; strength and elasticity of materials, 
4 hours; laboratory in strength of materials, 1 hour; 
and dynamics, 3 hours. Ina fundamental structural 
design course we feel that the student should have 
some elementary training in analysis of stresses, 
moments and shear, for wood, steel and concrete 
beams, roof trusses and columns; beams and slabs in 
reinforced concrete masonry; and introduction to 
soil bearing theory, bearing power of piling and 
settlement, together with some contact with electric 
welding of frames and machine structures. 

For curricula in electrical engineering, the semester 
hours required in cognate or related engineering sub- 
jects are shown in the right hand side of Table IV. 
While there is almost general agreement as to the 
necessity for courses in heat power, shop work, and 


hydraulics, there is evidently a considerable differ- 


ence of opinion as to the need for training in survey- 
ing and in the mechanical features of machine design. 
Again, almost half of the programs offer no training 
in engineering materials and only 3 curricula call for 
a structural design course after a preparation in 
engineering mechanics. 

In view of these differences of opinion among 
teachers not only as to the subjects to be included in 
the fundamental training of the student but as to the 
time spent upon them as well, it is felt that considera- 
tion and study and the gathering of suggestions from 
the practising members of our profession would be 
very much worth while. 
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Control ;.. 3,000- Volt 
Multiple Unit Cars 


Because of the relatively high voltage used 
and the necessity of mounting the apparatus 
in a limited space, many new problems of 
control design were encountered in the 
3,000-volt d-c. suburban electrification of 
the Lackawanna Railroad. This article de- 
scribes the construction and operation of 
some of the more important of the control 
apparatus developed, and the tests made to 
assure its suitability to the service for which 
it was designed. 


By 
Cc. J. AXTELL 


MEMBER A.I.E.E. 


General Elec. 


Co., Erie, Pa. 


Te 282 CARS on the Delaware, 
Lackawanna and Western suburban electrified 
system are arranged to operate as 141 units, each 
unit consisting of 1 motor car and | trail car semi- 
permanently connected; each motor car has 4 
1,500/3,000-volt motors of 235 hp. hourly rating, 
2 motors being permanently connected in series. 
Operating stations are provided at each end of each 
2-car unit, 1 on the motor car and 1 on the trail car. 
Trains are made up of from 1 unit (2 cars) to 6 units 
(12 cars). The auxiliary control of these cars has 
been described previously (‘‘Auxiliaries for High 
Voltage D-C. Multiple Unit Cars,” by C. J. Axtell, 
A.L.E.E. TRans., v. 49, 1930, p. 1282-6); hence 
this article will treat only features of the control for 
the traction motors. 

Motor control is of the pneumatically operated 
cam type with automatic acceleration at the rate of 
1.5 miles per hr. per sec. The following control 
points or steps are provided: 

6 accelerating steps with 4 motors in series. 

1 running step with 4 motors in series. 

5 accelerating steps with 4 motors in series-parallel. 

1 running step with 4 motors in series-parallel, full field. 

1 running step with 4 motors in series-parallel, shunted field. 

The control equipment normally operates with a 
constant air pressure of 70 lb. but will function 
satisfactorily at a minimum pressure of 50 Ib. 

A schematic wiring diagram of this motor and 
control circuit is shown in Fig. 1. A motor generator 
set and a 300-ampere-hr. battery furnish power at 
32 volts for control, lights, and auxiliary circuits; 
the control equipment is designed, however, to 
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operate over a range of from 20 to 45 volts. Table I 
gives a listing and weights of the major parts of the 
control equipment. 


Table I—Weight of Control Equipment of Lackawanna 
3,000-Volt Multiple Unit Cars 


Equipment Weight in Lb. 
2 pantographs: . f0.c.c1-see cos Cue sacle Goan ae ee ne oe a eee 2,270 
Sipantograph insilatorse sso. cae ae eee eee ee 340 
Tmain: fusesim: DO 10's. 4 eanscrncate dessa soe crv gn ne ee 151 
1 mainiswitch and auxiliary fuse boxe 0a eee eee 313 
ll line breaker 2 yax.tsc en eee Sate CRE eo Ree ee ee eee 583 
Limotor controller... 22. of ere ee ae en ee ee ee 1,119 
LSet MOtOr TEsiStors’, 4. eecrnSs es BE ee EO Ee ee 455 
I field, controliswitely ois tid: curacao er ene cee eee 88 
2inductivesheld:shunts: ic Ge taht ots ance 1,340 
L-master controllers sic sc .50. sachs ake teen os ee eee ee ee 75 
Total weight of motor car control including dynamotor and field 

SIL GVES soca RS CR a <a deste ure remtnaoua a teeetees 11,950 
Trailicar controlieqtipiment). give ce ee = te ane eee ene 1,260 
Total weigitt-oficontrol for‘2-car unit. ae ea ee eG Le 


CURRENT COLLECTORS 


Current for each unit is collected from the double 
or twin contact wire by a pantograph trolley on each 
motor car. Pantographs are of the spring-raised 
air-lowered type, with: 


ee Viaxinaiimdiworking mall certs een 10 ft. 6 in 
2) sleength oficontactsurta cesarean eee 4 ft. Oin 
38. Vertical movement of collector shoe.............. 2 in 


Bearings on the main shaft are taper roller self- 
aligning, with pressure lubrication. Contact pres- 
sure of the shoes against the wire can be adjusted 
from 20 to 35 lb. with a maximum difference of 6 lb. 
between the pressure exerted with the pantograph 
going up and that exerted with trolley retracting. 


MAIN FUSE 


All wiring and apparatus on the car, except the 
trolleys, is protected by a compression type main fuse 
mounted on the car roof (see Fig. 2). The fuse 
holder has two expansion chambers joined by an 
insulating tube; the fuse consists of 2 braided copper 
leads with a connecting link of fusible alloy. The 
vaporizing of the fusible link creates pressure within 
the tube; this expels the braided copper leads from 
the tube and extinguishes the arc quickly, without — 
any noise or flame that can be detected. 

Are rupturing tests were made on this fuse with 
both inductive loads and short circuits on a 3,000- 
volt 3,000-kw. motor-generator set built especially | 
for high current testing. From oscillograph tests the 
times required to extinguish the are completely after | 
the fuse had melted were as follows: 


Volts Amperes Circuit Time (Sec.) 
300058 20... 2. 10,0402 a. 5. oa euinductive hee te OMOSO 
B,000 ni 202s). <r O00 ence ay on eINOm-Indlictivesen 


: Ma OLOOTE 


The oscillograph record of the first test is shown in 
Fig. 3. 
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INE BREAKERS 


On these equipments the line breaker is the only 
svice that cuts off the power to the motors; conse- 
1ently 4 3,000-volt contactors are used in series 
) rupture normal as well as overload currents. 
rom the standpoint of safety it is essential to have 
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Fig. 1. Schematic wiring diagram for 3,000-volt 


multiple unit car 
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circuit rupturing devices controlled from individual 


ain wires, each device capable of opening the motor 
rcuit; consequently 4 contactors connected in series 
e used although 2 will interrupt any overload cur- 
nt. The contactors have a nominal capacity of 
10 amperes with the blowout coil decreased to 200- 
npere capacity to increase the number of turns; the 
its have °/,-in. wide tips and a tip gap of 1 in. 
he contact tip pressure is 70 lb. An overload relay 
mounted directly on the back of the No. 4 con- 
ctor as shown in Fig. 4. 

Oscillograph records made when testing the current 
pturing capacity of this breaker show the following 
mes to rupture the circuit after the contact tips 
gin to part: 


Contactors 
Test Breaking Time 
No. Circuit Volts Amperes Load Sec. 
ibe Rote. pts 000ms, 224,500).  NOn-Inductive...... - 0.017 
2, AP ie Pe s.0008. 24. 00k... Inductive .. 0.025 
Byis ae, PO OOOMe nan OOO eae Ludiictivie ...0,043 
4.. eee a . Inductive ..0.074 


3.000) ...1,5000.... 
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Fig. 3. Oscillograph record of 3,000-volt main 
fuse rupturing 3,040-ampere inductive circuit 


A—60-cycle timing wave; B—Line voltage; C—Line current 
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The oscillograph record of test 3 is shown in Fig. 5. 
Interruption tests were made with 2 contactors in 
series with the following results: 

10 interruptions in 2 min. with 3,300-volt 1,500-ampere inductive 
load. 


5 interruptions in 


2 min. with 3,300-volt 38,000-ampere non- 
inductive load. ‘ 


On account of the liberal design of the line breaker 
contactors the heating for the service in which they 
are used is very low. A continuous heat run at 270 
amperes gave the following temperatures: 

84 deg. cent. rise 
45 deg. cent. rise 


38 deg. cent. rise 
30 deg. cent. rise 


IBIGwotrecotliina: tat eerie tt coe Meena eee 
(COMENS ESTOS S aids cto A ky ACB N CLARE a a Re eT 
SEX TO LERS LUT COe pte per sec eae at Mea ns oy Mca) Sen aes 


The line breaker, because of the high voltage cir- 
cuit and its location on the car, was designed to be 
grounded to insure safety to any passenger or work- 
man who might come in contact with the box. 
Grounding this box necessitated some radical changes 
in insulation and box construction quite different 
from previous designs on which it has been customary 
to insulate the enclosing cases. 


MorTor CONTROLLER AND ASSOCIATED EQUIPMENT 


The motor controller, consisting of a group of 
devices assembled in a box for mounting underneath 
the car, is the principal part of the motor control 
apparatus. The box is made of fabricated steel with 
welded joints. Top covers are fixed and all side and 
end covers are hinged and latched. Cables enter the 
box at the top through 2-piece wood cleats. The 
equipment is mounted underneath the car with the 
box grounded to the car underframe. 

A view of the front of the motor controller with the 
arc chutes of the cam contactors removed is presented 
in Fig. 6; at the right are the motor cutout switches 


Fig. 4. 


Rear view of 3,000-volt line breaker 
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and on the left are mounted the main air engine and 
relays. This motor controller contains: 

7 cam operated resistance contactors. 

3 cam operated contactors for series-paralleling the motor group. 

1 main air engine for operating the cam shaft. 

1 motor reverser. 

2 motor cutout switches. 

1 potential or no-voltage relay. 

1 accelerating relay. 

1 field control relay. 


The cam contactors, one of which is shown in 
Fig. 7, have current carrying parts clamped on a 
rectangular steel bar which is covered by wrapped 
insulation. All contactors have magnetic blowout. 
Current carrying parts are of brass and both upper 
and lower contact tips are provided with arcing horns. 
Individual are chutes can be removed by loosening a 
single screw at the top of the contactor and rotating 
the locking mechanism. 

Contactors are closed by cams bearing upon a steel 
roller; they are opened by the pressure of the contact. 
spring and by gravity. Should a contactor tip stick 
or “‘freeze,’’ a mechanically operated “knock-out” 
operates on the cam shaft and mechanically forces the 
contactor open. Contactors have a l-in. tip gap and 
renewable contact tips */; in. wide; contact tip pres- 
sure is 16 lb. Two of the contactors (R6 and S in 
Fig. 1) have enlarged arc chutes vented to the outside 
of the box as these contactors under some conditions 
are required to break current. The cam shaft is of 
hexagonal steel with wrapped mica insulation, cast 
iron cams being clamped on over the insulation and 
separated by insulating collars. 

An opposed-cylinder air engine operates the cam 
shaft through a rack and pinion. Air admitted to. 
the ‘“‘on’”’ cylinder rotates the cam shaft to the “‘on” 
position while air admitted to the “‘off’’ cylinder stops 
the progression on any step. Admission of air to the 
“off” cylinder is governed by a magnet valve under 
control of the accelerating relay which permits the 
cam shaft to rotate step by step under the influence 
of the current through the motors; this maintains a 
constant average current during acceleration. A 
specially designed accelerating relay also provides 
means to enable the operator to advance the motor 
controller one step at a time regardless of the motor 
current. 


Fig. 5. Oscillograph record of 3,000-volt line 
breaker rupturing 1,500 ampere inductive circuit 


A—60-cycle timing wave; B—Line voltage; C—Line current 
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Fig. 6. Front view of motor controller with contactor arc chutes removed 


Field connections of the motors are reversed by an 
lectropneumatic reverser mounted in one end of the 
1otor controller. It is of the cylinder type with 
-gment castings mounted on an insulated hexagonal 
aaft. A double cylinder air engine furnishes power 
> rotate the cylinder to either the forward or the 
verse position. 

In addition to the accelerating relay there are 
rovided (1) a second relay to govern the closing of 
1e field control switches, and (2) a potential relay 
ith resistor tubes to cut off the control current on an 
dividual car should the line potential fail. The 
otential relay closes at 1,300 volts and opens if the 
otential falls to 750 volts. 


FIELD STRENGTH REDUCED BY INDUCTIVE SHUNTS 


The fields of the motors are shunted by an induc- 
ve shunt giving a reduced field strength of 50 per 
sent. In series with the inductive shunt is an ad- 
istable non-inductive resistance to compensate for 
ny variation in the wiring of the 2 pairs of motors. 
separate box with 2 contactors operated by a single 
ir cylinder and having mounted in the back 2 ad- 
istable rheostats composed of edgewise wound units 
ymprise the equipment for shunting the fields. 

Main resistors are of the edgewise wound type 
ranged in 1 group of 2 sections, and 1 group of 3 
ctions. All of the resistance is connected in the 
rcuit on the trolley side of the motors. The alloy 
‘which the resistors are wound has a high specific 
sistance, 120 X 107* ohms per cm.’, but a low 
mperature coefficient of resistance; the increase in 
sistance is 5.8 per cent with 350 deg. cent. rise in 
mperature. The resistor frames are insulated from 
ie support by 1,500-volt porcelain bolt insulators; 
le support is insulated from the car framework by 
000-volt porcelain bolt insulators. 


[ASTER CONTROLLER AND CAB EQUIPMENT 


The master controller has 2 cylinders, a main and 
reverse. A “dead man’s release and emergency 
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Fig. 7. Cam operated 3,000-volt contactor 
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Fig. 8. Acceleration curve of Lackawanna 3,000- 
volt d-c. multiple unit cars 


brake feature’’ is incorporated in the controller which 
interrupts the control current and actuates a pilot 
valve to apply the emergency air brakes should the 
handle be released. 

A button type switch in each cab gives the operator 
convenient control over the pantographs, control 
equipment, overload reset, dynamotor, heaters, and 
lights. It is provided with a lock so arranged that 
all important circuit switches are locked in a fixed 
position when the key is removed. An additional 
control switch is connected to the air brake cutout 
cock; this switch cuts off all control current to the 
master controller unless the cutout cock is open, thus 
preventing the starting of the train until the air 
brakes have been cut in. 


TESTS 


A sample unit consisting of a motor car and a trail 
car was completely equipped with motors, control, 
and air brakes, for test purposes. These cars were 
run for 15,000 miles on the 3,000-volt test track at 
Erie, Pa., to determine how they would perform 
under service conditions. 

The production control apparatus was subjected to 
many special tests. In addition, all control devices 
for 3,000-volt circuits were given a high potential test 
of 8,750 volts at 60 cycles for 1 min.; all control 
devices for the 32-volt circuits were tested at 1,000 
volts, 60 cycles for 1 min. 
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Sectionalizing Improves 
Rectifier Efficiency 


By building large capacity mercury arc 
rectifiers from a group of several small 
sections, the better efficiency, reliability, 
economy, and flexibility inherent in the 
smaller rectifiers can be retained in the 
larger units. Experiments on a 3,000-kw. 
rectifier composed of 4 750-kw. units, 
shows an efficiency one per cent higher than 
for the conventional single unit type. 


By 
A. L. ATHERTON 


MEMBER A.1.E.E. 


Westinghouse Elec. & 
Mfg. Co., East 
Pittsburgh, Pa. 


Pee oe of the sectional 
type of mercury arc rectifier is based upon the 
obvious, but apparently heretofore unrecognized, 
fact that the best possibilities inherent in the device 
are realized only in the smaller sizes. Efficiency, 
reliability, economy, and flexibility of both applica- 
tion and use are all far better in small than in large 
units. Furthermore, the advantages appear to be 
fundamental and therefore permanent. Subdividing 
a mercury arc rectifier into unit sections introduces 
both advantages and disadvantages; but the ad- 
vantages so far outweigh the disadvantages that, 
once the conception is considered seriously and the 
sectional design actually worked out, doubts dis- 
appear and sectionalized plan seems the right and 
natural one to adopt. 

Development through the past 29 years has re- 
sulted in rectifiers of small capacity, 500 kw. for 
example, with a high degree of reliability, a reason- 
able cost, and an efficiency which makes available 
for the higher voltage applications the unique quiet- 
ness and freedom from mechanical wear which has 
been the major incentive throughout the develop- 
ment. When size is increased, however, the quality 
decreases markedly. Reliability decreases not in 
proportion to size, but more rapidly because the 
difficulty of controlling the “hurricane’’ flow of 
vapor from the cathode is increased enormously 
when the size is even doubled. The outage time of 
3,000-kw. rectifiers is several times as great as that 
of 500-kw. units. Cost per unit output does not 
decrease with increase of size, as it does with some 
apparatus; this is because manufacturing problems 
increase faster than in proportion to size, and because 


Based upon “‘High Capacity Rectifier Efficiency Improves by Sectionalizing”’ 
(No. 32-50) presented at the A.I.E.E. winter convention, New York, N. Y., 
Jan. 25-29, 1932. 
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the total requirement for this kind of equipment with 
capabilities and limitations as they are even in the 
smaller sizes, will not support organized ‘“‘line 
manufacture” for the larger capacities. Efficiency 
falls off with increase in size because of the longer 
arc and greater exposure to deionizing surfaces, and 
because to obtain acceptable quantity the funda- 
mentally less reliability makes necessary an in- 
crease in loss-producing arc-back preventives. With 
present designs, internal losses per unit output for a 
500-kw. rectifier are only about */, of those for a 
3,000-kw. unit, both based upon 600-volt operation. 


DISADVANTAGES OF LARGE UNITS FUNDAMENTAL 


The major disadvantages which go with size 
appear to be fundamental and permanent, whatever 
advances may be made. Larger units always will 
be less efficient, and the reliability and cost dis- 
advantages probably will persist. 

Multiple installations of conventional small capac- 
ity units of the sort available in the past are im- 
practicable; the space required is too great and the 
multiplicity of control and protective devices ap- 
pears highly undesirable. But if a rectifier of large 
capacity is subdivided so as to take advantage of 
space economies resulting from recent advances in the 
art, building the structure in sections but installing, 
controlling, protecting and using it as a whole, the 
project becomes feasible; the desirable qualities of 
the small rectifier are made available for the larger 


capacities while the disadvantages of sectionalizing 


are reduced so as to become negligible. 

Research in the Westinghouse laboratories on 
rectifiers of conventional size and characteristics 
has shown that the limitation in capacity for a given 
design lies in local limitations of the various parts, 
for example, the limits of conductivity and heating 
at the anode, and not in the fundamental and per- 
haps more troublesome tendency to arc back at 
the higher currents. To illustrate this the 500-kw. 
rectifier shown in Fig. 1 carries a nominal current 
of 833 amperes continuously, 1,250 amperes for 2 
hr., and 2,500 amperes for 1 min.; extensive tests, 
which include use at currents up to 17,000 amperes 
on short circuit and loads of 2,000 to 2,500 amperes 
for periods of 5 to 30 min., depending on temperature 
rise, have not shown arc-back to be a limitation. 
Extended service experience with a limited number 
of installations gives the same result. Evidently, 
changes in the details leaving the general arrange- 


ment unaltered, would make it possible to reduce | 


materially the size of the containing tank without 
affecting the ability of the unit to carry the loads | 


required. Experiments have verified this conclusion. © 


SIZE REDUCED BY REARRANGING PARTS 


As a further step, a rearrangement of parts made | 


possible a still further reduction in size for a given | 
rating, and at the same time brought about some 
reduction in the internal losses. The rearrangement 
was based upon knowledge gained from experiments 
made to determine: (1) the effect of the way the 
vapor flows from cathode to condensing wall; and 
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2) the effect of the position of the anode structures 
1 relation to this stream of ionized vapor upon the 
miting current of which the rectifier unit is capable 
ithout excessive arcing-back. Although the whole 
lechanism of vapor flow and its effect on arc-back 
dill are obscure, several factors that influence 
erformance have been established. In the design 
10wn in Fig. 2 an attempt has been made to take 
ito account in the most satisfactory way possible 
t the present time, these as yet rather intangible 
nd, it must be admitted, somewhat uncertain 
ctors. 

The desirability of improving the anode support 
nd shielding arrangement also offered an opportu- 
ity for progress; a rather extended series.of experi- 
1ents resulted finally in the anode structure shown 
1 Fig. 2. Processing to eliminate foreign material 
nd to keep the gas evolution in operation at as low 
value as possible, have progressed along with the 
esign development. 

As a result of these improvements, the rectifier 
ection shown in Fig. 2 is capable, with a reasonable 
largin, of a standard nominal rating of 750 kw. 
t 600 volts, and of even higher short-time overloads 
t this rating. The unit is required to carry a 
ormal current of 1,250 amperes, and 50 per cent 
verload, or 1,875 amperes for 2 hr. Since final 
smperatures are reached in about 2 hr., it is felt 
aat the 2 hr. capacity can best be indicated by 
ontinuous operation at the 50-per cent overload 
alue; experimental tests have been made in this 
ay, thus including in a single test some margin of 
ufety along with a degree of acceleration of the 
ast. Double load, or 2,500 amperes, is required by 
andard nominal rating for a period of 1 min. 
lowing full load; experimental tests have been 
ade at this current for a duration as long as 5 min. 
1 all these operations, arc-back is quite infrequent; 
irthermore, it is a requirement that the rectifier 
un be put into operation again immediately follow- 
ig such an occurrence. 


Fig. 1. (Left) 
Sectional view of 
a _ conventional 
Moot Pita 500-kw. 600-volt 

1eNsing 


Dome rectifier 


al Starting Electrode Solenoid 


ler Jacket 


lecled Vapor Battles. 


The diameter of each 
of the 2 units : 
yal Tne over-a 

% out height of the con- 
Tank ventional rectifier 
noes shown on the left 
ura is 104 in. while that 
‘ | for sectional unit 
shown on the right 
ie fst is 41.5 in. The kw. 
: Insulation rating per unit vol- 
a : ume for the sectional 
4 ee, unit is thus more 
a ee than 3 times as great 
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tional unit — 
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ARC-DRop LOWER IN SECTIONALIZED RECTIFIERS 


Internal losses in the rectifier are determined by 
the arc-drop, or voltage from anode to cathode 
during the conducting period; this voltage varies 
with load current. The value that determines the 
rectifier efficiency is the average for the various 
anodes. Fig. 3 shows an average arc-drop curve 
for both the unit indicated by Fig. 2 and the older, 
conventional unit shown in Fig. 1. As the size of a 
rectifier is increased, the arc path becomes longer, 
resulting in increased exposure to deionizing sur- 
faces; thus. the losses per unit output become 
greater. Experimental rectifiers of 3,000 kw. with 
a single tank have had are-drop voltages as shown by 
the dot-dash curve of Fig. 3. It may be seen that at 
full loads the difference between the arc-drop voltage 
of these experimental single-tank 3,000-kw. rectifiers 
and that of the sectional units shown in Fig. 2 
amounts at full load to approximately 6 volts or 1 per 
cent, on the basis of a 600-volt output. With 
ordinary load factors and power costs, a 3,000-kw. 
sectionalized rectifier thus could be operated for 
from $600 to $1,500 less per year in power cost than 
could a single-unit rectifier of this capacity; this 
saving would justify an added investment of from 
$4,000 to $10,000. 

Physical proportions of the sectional units are 
such as to make it feasible to mount them in service 
one above another. Thus, a 3,000-kw. unit can be 
made of 4 750-kw. sections mounted 2 side by side 
and 2 high, as shown in Fig. 4. Floor space re- 
quired for such an assembly is approximately 118 in. 
wide, by 68 in. deep, overall, including auxiliary 
equipment. The over-all height is 113 in. and the 
necessary ceiling height of a room to accommodate 
this equipment need not exceed this value except 
for electrical clearance of a few inches and whatever 
may be necessary to provide for adequate working 
space, certainly not more than 2 ft. It is evident 
that the sectionalized plan thus makes possible a 
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Fig. 2. 


Sectional view of an improved 750-kw. 
600-volt rectifier unit 


considerable saving in space. Such an arrangement 
is likely to prove the most convenient for usual 
applications. There is no reason, however, why 
other arrangements cannot be used where available 
space places a limitation on one or more dimensions. 


PARALLELING SECTIONS No NEw PROBLEM 


The problem of paralleling is the same for sectional 
rectifier units as for a single tank rectifier using the 
same number of anodes and, except in detail, is the 
same for any rectifier using twelve or more anodes. 
Load balancing is inherently approximately correct 
because the voltage across the are rises with in- 
creasing current after a minimum at about 40 per 
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A 3,000-kw. sectional rectifier composed 
of 4 750-kw. units 
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cent load. To get a closer balance, anode balancing 
coils are used; these are arranged so as to introduce 
no appreciable impedance into the circuit under 
normal operation. Should it be desired to take a 
section out of service, for maintenance or any other 
reason, the corresponding balancing coil sections are 
short circuited by connecting links provided for the 
purpose. 

One arrangement of vacuum pumping for sectional — 
units is indicated in Fig. 5. Use is made of 2 inde- 
pendent pumping systems, connected through mani-— 
folding to the various sections and with cross con-— 
nections so arranged as to permit the use of either 
pumping system or any or all of the tanks. The 
various sections of the rectifier are connected to the 
vacuum manifold through 2 valves of unique design, 
provided with a sealing plate as an extra precaution 
against outside air. Even if such a valve should 
develop a leak, this safeguard would prevent any 
leakage into the tanks except at a slow rate and only — 
for the minute or less while the valve position is — 
being changed. The use of 2 valves permits the 
separation of a single section from the balance of the — 
structure without admitting air to either part. 
When maintenance work is required, it is thus 
possible to put the repaired section in condition by 
pretreatment, then install it and, by proper manipu-_ 
lation of the valves, exhaust it completely without 
admitting air to either the unit or any part of the 
operating system. With the pumping arrangement 
shown, this requires the operation of one of the other 
units with valves closed for some time. This intro- 
duces no further difficulty, however, for experience ~ 
has indicated that if properly made and treated out 
the rectifier unit will carry normal loads without 
pumping for several hours or even several days 
without damage. 

Sectionalizing 


inherently provides the utility 


Fig. 5. 


Rear view of 3,000-kw. 600-volt 4-unit 
sectional rectifier showing arrangement for main- 
taining the vacuum 
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hat any damage is likely to be limited to a relatively 
mall part of the total assembly and that during the 
yeriod of maintenance the load can be carried by the 
emaining units. With the arrangement shown in 
fig. 5, a faulty section can be segregated from the 
thers by removing the connecting links and closing 
he valves, requiring only a few minutes, before 
oad can be carried again. Although the main- 
enance operation to remove a unit from the structure 
or repairs requires as long as 2 hr. or more, this can 
ye done during a light or no load period. It would 
ye possible to arrange with jack connections and 
eparate systems of auxiliary equipment or flexible 
UMping and water connections, so that the operator 
‘ould pull the unit forward a few inches and go on 
vith operation with the remainder of'the equipment 
ifter an interruption of 1 or 2 min. Choice between 


A\n Improved Gap for 
Station Apparatus 


An improved voltage limiting gap for pro- 
tecting electric power station apparatus 
has been developed, the breakdown char- 
acteristics of which may be varied over a 
wide range so as to conform to the char- 
acteristics of the station insulation. For 
the best protection, a lightning arrester in 
parallel with the gap is recommended. 


By 
A. ©: AUSTIN Ohio Brass Co., 
FELLOW A.I.E.E. Mansfield, Ohio 


Reet ns as well as operating ex- 
yerience show that electric power stations may be 
ubjected to a wide variety of transients. Although 
n practise it is necessary to limit the magnitude of 
he transients which may cause damage to the equip- 
nent, it is desirable that any limiting. device shall 
ot function unnecessarily, thereby causing inter- 
uptions. This is particularly true where a protect- 
ng gap is used that has not the ability to clear the 
ine or prevent the flow of normal frequency current 
ollowing discharge. This leads to the use of a 
imiting gap of relatively small time lag for transients 
f extremely high magnitude and steep front, in 


ased upon “‘Improved Type of Limiting Gap for Protecting Station Apparatus”’ 
Yo. 32-60) presented at the A.I.E.E. Great Lakes District meeting, Milwaukee, 
Jis., March 14-16, 1932. 
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these 2 plans depends upon cost and _ service 
requirements. 

The sectionalized plan applied to mercury arc 
rectifiers, together with development work already 
‘performed in designing improved sectional units of 
more suitable dimensions and proportions, have 
made available in this equipment increased relia- 
bility, increased flexibility in application and use, 
improvement in manufacturing requirements, and 
an efficiency advantage of one per cent or more. 
Beyond this is the belief that further improvements 
will be made as time goes on and as a clearer under- 
standing is acquired of the fundamental knowledge 
gained from research. It is to be expected that 
future developments will progress along the lines of 
sectional structures rather than single unit arrange- 
ments. 


parallel with an arrester of greater time lag that will 
function for the many transients of lower magnitude 
without interrupting service. 

It is exceedingly difficult to coordinate station 
insulation for the wide range of transients likely to 
be imposed, as the impulse flashover characteristics 
may be quite different as regards time lag and polar- 
ity, even though these characteristics be in close 
agreement at normal frequency. This is evident by 
reference to Fig. 1. 

Owing to difference in time lag, a high over- 
potential suddenly applied may cause one type of 
insulator to flashover, whereas a transient having a 
much lower crest value may cause another insulator to 
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Fig. 1. Impulse flashover characteristics for 
‘different types of insulators 
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Fig. 2. 
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breakdown voltage for negative and positive tran- 
sients, respectively, may be quite large for bushings, 
bus insulators, and the internal insulation of trans- 
formers and circuit breakers. A bus insulation or 
a disconnecting switch may have a high effective 
flashover voltage for a negative impulse, and a much 
lower value for a positive impulse; for some other 
piece of equipment the reverse may be true. In sta- 
tion insulation therefore it is necessary to take 
into account not only the time lag in flashover, but 
the effect of polarity and oscillations as well. 

A lightning arrester or a limiting gap which will 
protect station insulation against overvoltage tran- 
sients long has been regarded of great economic 
importance. It is evident that if a gap or lightning 
arrester may be depended upon to protect the insula- 
tion in a manner similar to that in which a safety 
valve protects a boiler, it is possible to lower the 
level of insulation and thereby effect a material 
saving. To be fully effective, however, the limiting 
device must interrupt the discharge when the over- 
voltage is relieved, without interfering with opera- 
tion. 


CHARACTERISTICS OF LIMITING GAPS 


Impulse flashover voltages for a simple type of 
gap formed by two °/s-in. rods are shown in Fig. 2; 
Fig. 3 shows the time lag characteristics for a 22-in. 
horn-gap. In considering the characteristics of 
these gaps, it may be noted that the flashover voltage 
tends to increase rapidly for short waves or for short 
time intervals. Since equipment needs protection 
most for severe direct strokes at or in the immediate 
vicinity of the station, many gaps may not afford 
the desired protection, although having an arcing 
voltage comparatively low for less severe impulses or 
those of longer duration. Also the characteristics 
of some gaps for positive impulses may be widely 
different from those for negative impulses. If there- 
fore the gap is to furnish efficient protection, it must 
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(Left) Impulse flash- 
characteristics for a 
simple type of gap 


(Right) Positive and 
impulse flashover 
characteristics for a typical 


‘polarity are shown. 
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have characteristics corresponding to those of the 
insulation in parallel with it, both with respect to 
polarity and to time lag. 

Impulse time lag characteristics for a typical 
bushing and several types of limiting gaps are shown 
in Fig. 4; to avoid confusion, curves for only one 
In order to provide protection 
for the bushing having the characteristics shown in — 
curve A, it may be assumed that the voltage limiting 
gap should flashover at not more than 90 per cent 
of A for all time lags indicated by curve B. The 
characteristic curve of the horn-gap shown as C 
has approximately the same shape as A, although it 
tends to depart somewhat for the shorter time lags. 
Reference to Fig. 3, however, shows that for that 
type of gap, the difference between positive and 
negative sparkover voltages is likely to be very large. 

Referring again to Fig. 4 it may be noted that 
curve D for the ring-gap intersects curve A at 
approximately 585 kv. For transients having a 
crest below 585 kv., the ring-gap will sparkover first; 
for transients having crest values above 585 kyv., 
however, the ring-gap does not afford protection, as 
the bushing will sparkover first. Therefore if the 
ring-gap is set as high as possible so as to minimize 
unnecessary interruption for transients of lower 
crest and longer duration, it will afford little or no 
protection for severe overvoltages when most needed. 
To provide protection against these severe over- 
voltages, the ring spacing and flashover voltage 
must be materially reduced, thereby causing un- 
necessary interruptions. For example, the minimum 
flashover voltage shown in Fig. 4 for the ring-gap 
is approximately 400 kv., as against 520 kv. for the - 
bushing; a further reduction in the flashover voltage | 
of the ring-gap is necessary in order to provide pro-- 
tection for high over-potentials. ; 

Curve FE of Fig. 4 shows the characteristics of a_ 
sphere-gap of negligible time lag having the same ; 
minimum flashover voltage as the gap of curve B. 


ELECTRICAL ENGINEERING 


s the time of voltage applications is decreased, 
owever, insulators and most equipment will with- 
and much higher impulses. It is desirable there- 
re that the impulse flashover of the limiting gap 
e higher for short time lags. If a limiting gap 
aving the rather uniform flashover characteristics 
f a sphere-gap as shown by curve F is used, un- 
ecessary flashovers will result owing to the spark- 
ver of the gap for the shorter time lags where the 
isulation can well withstand higher voltages. 
haracteristics of the sphere-gap may be modified 
laterially by changing the relative sizes of the 
yheres with respect to each other and with respect 
» the gap spacing. As will be discussed later, 
1is principle is made use of in the control type of 
ap to obtain the characteristic of curve A’, closely 
pproximating the ideal characteristic curve B. 


ONTROL TYPE OF LIMITING GaP 


A protecting gap will approach the ideal in so far 
s the following can be carried out: 


It should be possible to control the time lag characteristics so 
at the gap will afford protection over the range of transients likely 
| be imposed. 


Negative and positive impulse breakdown characteristics of the 
otecting gap should correspond to that of the apparatus to be 
‘otected. 


Flashover voltage of the gap should not be lowered seriously by 
in or surface contaminations. 


Means should be provided for changing the relative negative 
id positive flashover voltages, where it is desired to work within 
ose limits or to protect apparatus or insulation, the properties of 
hich are not fully known. 


It should be possible to change the time lag characteristics 
ithout materially affecting the minimum flashover voltage. 


Where discharge of the gap will cause a serious service inter- 
iption, a fuse or other device should be used for clearing the normal- 
=quency current following discharge. 


The gap should not discharge under high frequency transients 
comparatively low magnitude caused by switching or arcing 
ounds. 


A gap conforming to these requirements obviously 


Fig. 4. 


Fig. 5. 


bo | ing effect of insulated control 
screens upon arcing voltages 
of a 29-in. gap 


Time. pnicro seconds crest lo tlashover 
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(Left) Comparative 
impulse flashover character- 
istics for various gaps 


(Right) Chart show- 


should have improved characteristics over types in 
general use in the past; development of such a 
gap is described in the following paragraphs. 

A protecting gap using spheres of proper size in 
relation to the gap spacing and of unequal diameters 
to provide for the difference in negative and positive 
characteristics of the equipment protected could be 
used to comply with requirements 1 and 2 just 
enumerated. However, the effect of water or other 
surface contaminations upon the flashover voltage 
of spheres would make it difficult to conform to 
requirement 3. Also the characteristics of the gap 
made in this way could not be changed easily and 
therefore would not meet the requirements 4 and 5. 

As the spacing of a protecting sphere-gap is in- 
creased to lengths well beyond the diameter of the 
spheres, the flashover voltage for a positive impulse 
will tend to be lower than for a negative impulse. 
This can be offset by using a larger sphere for the 
live terminal and a smaller one for the ground 
terminal. Where the electrostatic fields of the two 
terminals of the gap are of equal intensity, the flash- 
over will start from the positive terminal since a 
lower density is required to start discharge with a 
positively charged electrode. Therefore by con- 
trolling the flux density at the surface of a gap 
terminal, it is possible to vary the discharge voltage. 
This principle is made use of in the newly developed 
limiting gap, one form of which is shown in Fig. 4. 
The control shields in the vicinity of the gap termi- 
nals can be moved forward or backward to change 
the field density and regulate not only the time lag 
but the difference in negative and positive sparkover 
characteristics. 

Test results (see Fig. 5) show that the relative 
negative and positive flashover voltages of the pro- 
tecting gap may be controlled readily by changing 
the flux density of the positive arcing tip. Any 
screen or shield may be used to accomplish this. It 
is important, however, that the shield does not cause 
erratic performance by becoming one of the elec- 
trodes so that an arc will be struck between shields 
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or between one of the tips and a shield. By using 
the insulated type of shield this difficulty is obviated, 
even though the shields may be nearer together than 
the discharge points. This is particularly important 
in wet conditions or where the gap may be subjected 
to high frequency oscillations, for in these circum- 
stances a gap having bare metal shields generally 
has a very low flashover voltage. Reference to 
Fig. 5 shows that control of the flux density of the 
discharge points by means of the insulated shields 
is quite effective in changing the relative arc over- 
voltage for negative and positive impulses. In 
addition it may be seen that the arcing voltage for a 
damped wave or oscillation compares favorably 
with that for an impulse, thereby reducing un- 
necessary discharges. 

The change in relative negative and positive 
impulse sparkover voltages that may be effected 
by changing the flux density on the electrodes with 
insulated control shields is shown by Fig. 6 as well 
as Fig. 5. Reference to Fig. 6 shows that the arcing 
voltage for a negative impulse is approximately 75 
per cent greater than for a positive impulse where the 
controlled screens have the same relation to the 
arcing tips, and where the control screens are well 
forward (C = 3 in.). Moving the control shield on 
the ground electrode back from the point of the gap 
reduces the screening on this electrode so that the 
discharge will start at a lower voltage for a given 
distance between terminals when the opposite termi- 
nal is negative. Moving the shield back on the 
ground side also reduces the flux on the live terminal 
so that the arcing voltage for a positive impulse will 
be raised. For example, by increasing C to 9 in. 
and reducing the screening effect of the control 
shield on the ground electrode, the positive and 
negative impulse va ues are brought in close agree- 
ment. Advancing the control screen on the live 
side toward the gap opening has the same general 
polarity effect as moving the control screen on the 
ground side away from the gap opening. 
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Fig. 6. (Left) Impulse flash- 
characteristics 
shielded gap with different 


(Right) Comparative 
arcing voltages of protecting 
gaps with impulses of differ- 


It is evident that the arcing voltage will be in- 
creased for a given gap spacing if the stress on the 
arcing tips is reduced by advancing the control 
shields; this makes it possible to reduce the gap 
spacing and time lag for a given flashover voltage. 
It necessarily follows that the characteristics of the 
gap may be changed materially, both as to time lag 
and the effect of polarity upon discharge voltage, by 
simply adjusting the control shields. As the pro- 
jecting insulated control screen is affected but little 
by high frequency transients, it is possible to reduce 
the time lag without lowering the flashover voltage 
for waves of lower crest and long duration. In Fig. 
7 the impulse flashover values for waves of different 
attenuation are given for a control type of gap and a 
ring equipped suspension string, respectively. 

Control gaps of this type may be made in several 
different forms with plain shields or rings used in 
place of the insulated control screen. The latter 
has the advantage in that the gap does not have a 
low flashover voltage for oscillations and is affected 
but little by rain or conditions which may cause a 
gap with a bare metal shield to be erratic. Other 
forms of gaps embodying the principles outlined in 


some cases may work out to much better advantage. 


CONCLUSIONS 


Results of this study and development work indi- 


cate that: 


1. An ideal voltage limiting gap for station use is one wherein both 
polarity and time lag characteristics are capable of adjustment over 
a sufficient range to allow protection of all apparatus in parallel 
with it for any transient wave form imposed upon the station. 


2. A form of limiting gap has been developed, making use of ad- 
justable electrostatic field controls for the gap electrodes. This 
allows the breakdown characteristics of the gap both as to time lag 
and arcing voltage for positive and negative impressed waves, to be 
varied over a wide range so as to conform to the characteristics of 
the station insulation. 


3. The use of a control type of gap for limiting the severest tran- 
sients only, and a lightning arrester for the remainder, undoubtedly 
will provide the best station protection and operation available at 
present. 
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yf Papers to Be Peecentcu al the Pacific Coast Convention 


aes abstracts of all 
upers which at the time of this issue are definitely 
heduled for presentation at the A.I.E.E. Pacific 
oast convention (Aug. 30-Sept. 2, 1932) are pub- 
shed herewith. In response to popular demand 
id within its space limitations ELECTRICAL ENGI- 
EERING subsequently may publish certain of these 
pers, or technical articles based upon them. 


Members vitally interested and wishing to obtain 
pamphlet copy of any paper available in that form 
ay do so by writing to the A.I.E.E. Order Dept., 
> West 39th Street, New York, N. Y., stating title, 
ithor, and publication number of each paper de- 
red. 


he Power System of the British Columbia 
B 
EE. Carpenter! 


Power Corporation, Ltd. 


Tue SYSTEM LOAD of the British Columbia Power 
rporation, Ltd., is concerned principally with lighting, domestic 
wer, and small industrial power. With one exception no heavy 
ntract load is carried. Owing to the seasonal and climatic in- 
ences the load factors are inherently low, the annual load factor 
nging for several years between 45 and 48 per cent, with little 
mediate prospect of improvement. The peak load on this sys- 
m, during the middle of December, is 100,800 kw. 

The power supply for the system is derived principally from hydro 
urces although 3 steam plants are maintained for standby, emer- 
ney, and occasional peak service. The coastal region especially is 
vored in water power resources, although precipitation increases 
pidly with altitudes any distance from the coast. Snow and ice 
the higher elevations and dense forest growth over a large part 
the area have a considerable effect on the power supply, while 
e glacial structure and topography lend their aid to providing 
yvorable dam sites and storage basins for regulation, a necessary 
d expensive part of all the developments. 

Details of the electric, hydraulic, and structural features of the 
incipal generating plants of the system are described briefly in 
is paper, and the transmission and distribution system is sum- 
rized. (For presentation only; not scheduled for publication 
the Institute.) 


egregation of Hydroelectric 
By 


Power Costs W. S. McCrea, Jrt 


Tue PRODUCTION COST of electric power is made 
of the power or demand cost per kilowatt and the energy cost 
r kilowatt-hour. The relative amount of each of these items 
lich make up the total cost of power at the power station deter- 
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mines the cost at any load factor. The above segregation of the 
annual production cost of power is essential in determining the power 
rates and the economic design of the production plants of an electric 
system. 

The usual hydroelectric power station is designed to utilize as 
much of the potential stream flow energy as is possible economically 
with the type of load available. The annual costs of such a station 
having storage may be divided between those costs proportional 
to the generating capacity and those independent of the generating 
capacity. For use in the design of the station the energy available 
in the stream is fixed at some value, and is determined by the stream 
flow records. The energy cost of hydroelectric power from this type 
of station is the annual costs which are independent of the generating 
capacity divided by the useful stream flow energy. The demand 
cost is the annual costs which are proportional to the generating 
capacity divided by the power or kilowatts. This method of analysis 
is applicable to the majority of hydroelectric developments. The 
nature of a hydroelectric station is such that the factors that fix 
the cost of power are those which give an average cost over a period 
of years. 

The discussion in the paper is divided into 3 sections. The first 
section is a brief outline of the method used in segregating system 
power costs and the development of the fundamental cost items. 
The second section has to do with the segregation of the power costs 
of hydroelectric stations into their component parts; the methods 
of developing the components for different classes of hydroelectric 
stations are outlined. In the last section the peculiarities of hydro 
power are given and the method of determining an average cost of 
power for a hydroelectric unit or system is outlined. (A.I.E.E. paper 
No. 32-112) 


‘The Reading Company’s Philadelphia 


By 


Suburban Electrification G. |. Wright# 


Tue ELECTRIFICATION of the Reading suburban 
service in the vicinity of Philadelphia was first placed in operation 
July 26, 1931. The lines now under electrical operation include 65 
route miles and 157 track miles, which will be increased by January 
1, 1938, to 87 route miles and 203 track miles. These lines consist 
of 6 branches and cover all the suburban territory north of Phila- 
delphia, between the Schuylkill and Delaware rivers. 

Severe competition from automobiles, buses, a new subway, and 
the Pennsylvania Railroad’s electrified lines had resulted in serious 
loss of traffic and revenue to the railroad. The Reading Company 
was faced with the alternative of impairing the existing steam 
operation to reduce costs, or providing a modern superior electrified 
service. The latter policy was decided upon and electric operation 
has now been in effect over a year. In spite of a 20 per cent speeding 
up of schedules and an increase in trains and train miles of approxi- 
mately 100 per cent, the cost of operation is found to be substantially 
lower than for the service by steam in the same territory. The 
improved schedules combined with greater cleanliness and more 
attractive equipment have changed a steady loss in traffic into an 
appreciable increase. Asa result, the railroad management recently 
authorized the electrification of the suburban service on its Norris- 
town branch from Philadelphia to Norristown. 

The present paper describes the electrification, giving details 


1, British Columbia Electric Railway Company, Ltd., Vancouver, B. C. 
3. Department of Public Works, State of Washington, Olympia. 
4. Reading Company, Philadelphia, Pa. 
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of power supply, substations, catenary structures, signal bridges, 
transmission lines, and catenary system, and rail return system. 
Considerable information is given also on the multiple unit cars, 
together with motors and control. Interchangeability of apparatus 
was given special consideration during design, and many special 
features have been incorporated. (A.I.E.E. paper No. 32-109) 


Electrical Operation 

on the Cascade Division of 
B 
the Great Northern Railway J.B. Cox 


ELecrriFICATION of the Great Northern Railway’s 
main line between Skykomish and Wenatchee, 73 route miles, was 
carried out in conjunction with the building of a new tunnel 7.79 
miles long, and the relocation of approximately 17 route miles of 
troublesome track and other minor improvements, aggregating an 
expenditure of approximately $25,500,000. Although all of these 
improvements were placed in operation at about the same time, 
making a direct comparison of operating expenses difficult, analyses 
which give a reliable comparison between the cost of steam and 
electric operation over this part of the system have been made. 

Operating difficulties with this recent electrification, especially 
those occurring shortly after the equipment was placed in service 
early in 1929, are described in this paper. Some of these difficulties 
were due to the condensation of moisture caused by the sharp changes 
in air temperature at the upper end of the tunnel and toward which 
the draft of air flowed. Other changes in the locomotives and 
control were found desirable and are described. 

Segregated operating costs with steam and electric operation are 
presented, and show that although the route miles with the present 
electrified section are only 8.8 per cent less than the route miles 
with the previous steam operated section, the total operating costs 
are reduced 57.3 per cent. Costs of the electrification also are 
presented. (A.I.E.E. paper No. 32-110) 


Theory of the 3-Wire D-C. Generator 
With 9-Phase Static Balancer © 


E. G. Cullwické 


An ANALYSIS of the theory of the 3-wire d-c. genera- 
tor using a 2-phase static balancer is presented in this paper with the 
particular object of explaining the very large unsymmetrical mag- 
netizing current peaks which occur in the balancer windings. These 
peaks are evidence of unsymmetrical flux variation attaining high 
values of flux density; and as their value may be equal to, or greater 
than, the total unbalanced current in the neutral wire of the system, 
they have a pronounced effect upon the r.m.s. value of the currents, 
and therefore upon the heating, in the balancer phases. They also 
cause marked pulsations in the terminal voltages of the machine. 

These magnetizing current peaks are out of all proportion to the 
actual magnetic unbalance of the 2 phases on the balancer core; 
and the mathematical development shows that they are cumulative 
phenomena, analogous in a general way to the cumulative growth 
of field current in a shunt generator, and depending for their initiation 
upon only a very small magnetic unbalance of the balancer phases, 
and upon a normal maximum flux density which lies above the 
perfectly straight portion of the magnetization curve for the balancer 
core. 

An expression for the e.m.f. induced in the balancer phases by the 
alternating flux in the core is obtained. From this are analyzed the 
conditions governing the cumulative growth of the current peaks 


until a steady value is reached. It is found that any unbalance of 
the resistance of the balancer phases has a marked effect upon the 
phenomena, it being possible by the introduction of a suitable un- 
balance to cause the peaks to reverse. If the resistances of the 2 
phases are kept equal, it is found that the value of the current peaks 
decreases with the increase in the resistance of the balancer windings. 

These theoretical conclusions are verified by oscillograms, which, 
taken on an actual machine, clearly show the nature of the phe- 
nomena and their variation with the operating conditions of the 
machine. (A.I.E.E. paper No. 32-111) 


Metering of 
By 


Symmetrical Components R. G. Shue 


Contents of previous publications on metering of 
symmetrical components have been confined to the components of 
current and voltage in 3-phase 3-wire systems. 
cusses the method of metering the positive and negative sequence 
power and energy in 3-phase 3-wire systems, and positive, negative, 
and zero sequence power and energy in 3-phase 4-wire systems. 
Networks are described which make it possible to meter these 
components simultaneously and separately. Tables are included 
showing the location and number of instrument transformers re- 
quired for each network. Equations involving the design of the 
impedances of the metering systems are given. 

In discussing the various metering systems, the possibility is 
suggested of metering large blocks of power at the alternator ter- 
minals with 1 wattmeter, a positive sequence network, 2 potential 
transformers, and 2 current transformers, used to replace 3 watt- 
meters, 3 current transformers, and 3 potentialtransformers. Also 
it is suggested that in relay and control equipment the components 
of power be utilized as well as the components of current and voltage. 
Where definiteness of action depends upon the amount of voltage 
available at the relay, positive and negative sequence components of 
power might be utilized in the relay. One relay using the balanced 
components of current and voltage will function regardless of which 
phase is short circuited. 

A preliminary design of a complete set of network impedances 
necessary for simultaneous metering of positive and negative 
sequence power reveals that the equipment could be placed in a box 
having dimensions of less than 6x6x6 in. (For presentation only; 
not scheduled for publication by the Institute.) 


Shaping of Magnetization Curves 
and the Zero Error Current 


Transformer 


By 
A. C. Schwager® 
V. A. Treat® 


None of the methods previously available to improve 
transformers is capable of producing an important requirement of 
the power industry; namely, the high accuracy, high voltage, low 


ratio, bushing type current transformer operated at a high secondary — 


burden. However, in analogy with the molecular theories of magne- 
tization, a method of shaping magnetization curves has been ad- 
vanced for securing constant permeability. Tests prove this method 
to be very effective and to result in a permeability which remains 
constant within fractions of one per cent over a wide range of in- 
duction. 

The method has been applied to the bushing or through type 
current transformer so desirable for the metering of high voltage 
transmission lines. For this type of transformer the exciting current 
of the core in the low flux density range of its normal operation has a 


5. General Electric Company, Erie, Pa. 
6. University of British Columbia, Vancouver, B. C. 
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This paper dis- 


nlinear characteristic. However, a much smaller core of varied 
ss-section, working at a higher flux density, can be made to have 
exciting current characteristic of almost exactly the inverse 
rvature and similar value to that of the current transformer core. 
[f a reactor with such a core be connected in parallel with a current 
msformer secondary, the total exciting current of the combination 
a be brought to an almost exact linear relation with the secondary 
ltage or current for a considerable range of values. This linearity 
duces a like relation as to primary and secondary currents. The 
s of secondary current due to the parallel reactor is restored by 
lucing the number of secondary turns to bring the transformer to a 
sired ratio, and the phase angle discrepancy is corrected by neu- 
izing the major part of the exciting current by the reactive 
rrent of a parallel capacitor. A parallel resistor has a similar 
ect but the sensitivity of the transformer to burden variations is 
reased. 
Current transformers with this auxiliary equipment (trans- 
mer compensator) are adjusted for a fairly large burden, such 
50 voltamperes and 0.50 power factor. A variable loading burden 
urden compensator) is placed in the secondary circuit so that a 
asiderable range of external burden is possible without affecting 
> calibration curve of the transformer. 
A 115-kv. bushing type transformer with a silicon-iron core when 
us equipped will give characteristic curves between 0.5 and 5 
iperes secondary current not exceeding variations of 0.001 in 
tio correction factor and 10 min. of phase angle. Greater accuracies 
an this are possible if required commercially. 
High precision wound type current transformers also may be 
tured by this method at no substantial increase in cost or compli- 
tion of construction. In the same manner zero error potential 
insformers and watt-hour meters, relays with prescribed char- 
teristics and linear electric circuits including ferro-magnetic cores, 
2 easily produced. (A.I.E.E paper No. 32-116) 


actory Assemblies 
By 


in Substation Design M. H. Hobbs? 


Desicn S and factory procedure for factory assemblies 
medium voltage substations which may be applied to either net- 
tk or radial distribution systems are described in this paper. 
ese substations may be divided roughly into 2 principal classes, 
»se for serving large individual power consumers and those for 
aeral distribution to a community of varied customers. In the 
ter class may be included also substations in very large industrial 
nts and steel mills having their own generating and transmission 
stems. 

For so-called customer substations of the indoor type, the special 
juirements are usually limited space, low cost, safety, and sim- 
city. Metalclad switchgear offers an ideal factory assembly for 
» high voltage side of such an installation, occupying as it does the 
nimum floor space both for installation and for operating aisles. 
9m the low voltage side of the transformers a metal enclosed bus 
1 is desirable, terminating in a metal enclosed structure with 
nsformer and feeder air circuit breakers of either the draw-out 
ye or the fixed type. In addition to the metalclad construction, 
ick type and cubicles are available in factory assembled con- 
uction. Customers’ outdoor substations, comprising mainly the 
h voltage switchgear and transformers, also are available in this 
struction. 

Substations for general distribution differ from so-called cus- 
ner’s substations largely in number of circuits, complexity of bus 
angement, and amount of meter and relay equipment used; 
lerwise similar apparatus may be used for both applications. 
ace may be at a premium on account of the larger amount of 
1ipment to be accommodated, and in any case it is desirable of 
irse that ground space cost be kept as low as possible. 

t is in the wholly outdoor form of substation that the greatest 
ing from the use of factory assemblies can be effected, since a 
ther saving comes from the elimination of the building. This 
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applies whether the station is for a network or radial system. Cost 
analyses of factory assembled substation layouts show surprising 
over-all economy. (For presentation only; not scheduled for publi- 
cation by the Institute.) 


High Voltage 
Oil Circuit Breakers 


By 
R. E. Rowley!® 


Maecuan ICAL maintenance of high voltage circuit 
breakers is of considerable importance to the successful operation 
of power systems. Experience obtained over a number of years has 
proved that in many ways existing equipment may be modernized 
and betterments provided by the operating engineer. 

Some of the problems which have been encountered in maintaining 
and rebuilding high voltage oil circuit breakers in connection with a 
modern and fast growing system are indicated in this paper. It has 
been found that high voltage circuit breaker maintenance may be 
improved materially with the use of available apparatus such as the 
tuning fork and equipment for securing travel-time curves. In- 
formation obtained from such studies automatically will indicate 
whether improvements to the switchgear are necessary. 

In the paper, details of the changes made to existing equipment 
are discussed; these include improvements in the solenoid, safety, 
and venting, and various other mechanical changes to give greater 
current carrying and interrupting capacities. The economy of 
rebuilding obsolete switches has been proved. In many cases, the 
rebuilding of switches has cost considerably less than new switches, 
and subsequent performance has been quite satisfactory, as all 
operations have compared favorably with those of newer equip- 
ment. (For presentation only; not scheduled for publication by the 
Institute.) 


Corona Loss Measurements for the Design of 


Transmission Lines to Operate 3, 


Between 220 Kv. and 330K. Braslo, Cove. 


Bradley Cozzens!® 


Durinc the summer and fall of 1931, measurements 
at the Harris J. Ryan Laboratory, Stanford University, Calif., 
extended the range of corona loss data for conductor sizes beyond 
those investigated during 1930. In these latter tests the 3 conductor 
specimens studied were a 1.125-in. hollow copper cable, a 1.49-in. 
hollow copper cable, and a 2.0-in. hollow aluminum cable. The 
losses were measured on a 3-phase line 700 ft. long. Voltages as 
high as 600 kv. between lines were used. The conclusions obtained 
in these tests are summarized as follows: 

1. There are throughout variations in corona loss that result from causes at 
present unknown. These variations are of sufficient magnitude to be considered 


in the design of transmission lines and should be remembered when studying 
corona loss data. 


2. Further evidence proves that the die, grease, and other foreign matter 
existing on cables as received from the manufacturers greatly increase the 
corona loss, and that this loss can be partially eliminated by washing the cable 
with a solvent soap solution and thoroughly rinsing in water. 


3. The cleaning of the cable surface by scratch brushing only slightly lowers 
the corona loss below that which exists on a new cable properly washed. 


4. The polishing of a cable surface by buffing temporarily decreases the loss 
on the cable below that which exists on a new cable properly washed. 


5. Dragging a clean cable a distance of 1/2 mile increases the loss on the cable 
above that which is found on a washed cable, but the loss is less for this con- 
dition than for the new, unwashed cable as received from the factory. 


6. The surface of clean washed cables that have been subsequently dragged 


ages rapidly, so that with a year of weathering the loss is practically the same 
as found on a new, washed, undamaged cable. 


10. Department of Water & Power, City of Los Angeles, Calif. 
11. Stanford University, Calif. 


7. The surface produced by buffing ages rapidly, and as observed over one 
week’s time showed a great variation in loss which was not regular but at times 
approached the loss value as found for the new, washed cable. 

8. The variation in corona loss as found on new, washed cables shows that the 
voltage shift for the same power loss on cables of different sizes is practically 
proportional to r log S/r, which is the factor in Ho which is varied by dimen- 
sions. (is the disruptive voltage, r the radius of the conductor, and S the 
spacing.) 

9. Insulator loss if not considered may introduce an appreciable error in corona 
loss measurements at high voltages. The loss can be partially eliminated by 
properly shielding the insulator strings. 

10. A completely transposed line 1,050 ft. long showed the same corona loss 
as the same length of line untransposed. A horizontally spaced line showed a 
slightly higher loss than the same length of line with the equivalent triangular 
spacing. 

In addition to the description and discussion of results of these 
tests, the paper includes a description of the modifications in the 
high voltage wattmeter for these measurements. (A.I.E.E. paper 
No. 32-113) 


, : , : By 
The Triple-Harmonic Circuit Te orsant® 
5 C. A. Bairos?! 
in 3-Phase Power Systems G. S. Kimball” 


Tue IMPORTANCE of triple-harmonic voltages and 
currents in electrical power systems is generally recognized by 
engineers associated with the power and telephone industries. It is 
desirable to have some convenient method of representation and 
calculation of the triple-frequency effects in 3-phase power syst ms. 

The path of the third-harmonic current is different from that of 
the fundamental current and for this reason the circuit can be 
considered as separate and distinct. The characteristics of the 
triple-frequency circuit as determined by laboratory experiment 
are given in this paper, and methods of measurement of the required 
quantities for accurate solution of the triple-frequency circuit are 
described. 

The results of an experimental investigation of the equivalent 
triple-frequency circuit as proposed by H. S. Osborne in 1915 are set 
forth. <A typical simple 3-phase power network has been set up 
and the measured currents compared with computed values. Oscil- 
lograms are presented of voltages and currents with typical trans- 
former connections demonstrating the principles of operation of the 
circuit both for normal and abnormal excitation conditions. The 
effects of various types of connected loads are discussed with par- 
ticular attention to the condition of triple-frequency resonance. 
It is shown that triple-frequency resonance occurs when the external 
capacitive reactance of the circuit is equal to the triple-frequency 
no-load impedance of the transformer. Resonance produces large 
triple-frequeney currents and serious distortion of the line-to- 
neutral voltage of the system. (For presentation only; not sched- 
uled for publication by the Institute.) 


: By 
The Radio Plant of H. H. Beverage!® 
4 C. W. Hansell'® 
R.C.A. Communications, Inc. 4. 0. Peterson's 


Tue Radio Corporation of America, through its sub- 
sidiary, R.C.A. Communications, Inc., operates a world-wide radio 
communication network between the United States and some 40 
foreign countries. The major terminals of this world system are 
located at New York and San Francisco, with smaller centers at 
Honolulu, Manila, and Havana. The associated receiving and 
transmitting stations are located outside of these cities at various 
convenient distances. 

A system has been worked out whereby all operations are concen- 
trated in a central office at each of these terminals, thereby elimi- 
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13. R.C.A. Communications, Inc., New York, N. Y. 
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nating delays and errors inherent in the previous system of sending 
traffic over telegraph wires between the central office and the radio 
station. The development of short wave transmission also has 
greatly facilitated transoceanic radio service. Due to the great 
number of stations operating on both long and short waves, it is 
necessary to maintain means for monitoring the transmitters and for 
measuring the radiated frequencies with great accuracy. On the 
short waves, the frequency must be maintained within 0.05 per cent 
for old equipment and within 0.02 per cent for new equipment. 

Starting with 6 circuits in 1920, these have expanded to a total of 
54 circuits in 1932. During this period the number of messages also 
has increased greatly. Equipment necessary for this service of 
transmitting telegraph signals by modulation of radio frequency 
power is described in detail in this paper. Central office equipment, 
transmitting equipment for both long waves and short waves, re- 
ceiving equipment, and frequency measurements are covered. 
(A.L.E.E. paper No. 32-115) 


Radiotelephone Experiments 
B 
Over Short Distances : 


C. H. McLean"! 


Rapro in communication practise generally is associated 
with long distances over which physical plant is economically 
impossible. There are very few communities of appreciable size on 
the North American continent that are not linked up with the 
various telephone networks. Exceptions are to be found in British 
Columbia and Alaska where the territory intervening between the 
isolated settlements and populated areas is of such rugged nature 
as to render impossible from the standpoint of economy, the use of 
the usual telephone facilities. 

Radio already successful over longer distance was adopted as the 
medium for providing telephone communication to the telephonically 
isolated centers lying within 600 miles north of Vancouver, B. C. 

Radio experimental work on frequencies between 1,500 and 6,000 
ke. has been in progress during the last 3 years employing equipment 
primarily designed for air transport communication. The radio 
transmitter has an unmodulated carrier rating of 400 watts, employs 
quartz crystal control of frequency and is capable of complete 
modulation. The receiver is of special design and includes the 
important feature of automatic gain control. 

In the early experimental work a boat completely equipped with 
the necessary power plant and 400-watt equipment, cruised up the 
coast as far as southern Alaska, and tests were conducted between 
the boat and a land station located at Lulu Island near Vancouver. 
Considerable data relative to field strengths, fading and skip effect 
of various frequencies were collected for various points within a 
radius of 600 miles from the shore station. Further work included 
additional experimental installations at Campbell River, Ocean 
Falls, and Prince Rupert. Campbell River, the most northerly 
point connected by telephone lines, is the connecting point for the 
Ocean Falls (210 miles) and Prince Rupert (400 miles) radio links. 
Commercial operation over the last 11/2 years has proved the prac- 
ticability of this form of communication, and it is believed that with 
the improved equipment now available, the expansion of this service 
upon a more permanent basis is justified. (A.I.E.E. paper No. 
32-114) 
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yf lnstitute and Related Activities 


Middle Eastern District 
to Meet at Baltimore 


a next meeting of the Middle Eastern 
strict will be held at Baltimore, Md., 
‘tober 10-14, 1932, with headquarters in 
e Lord Baltimore Hotel. _A preview of 
e attractions whicli the Baltimore meeting 
ll offer is given by A. L. Penniman, Jr., 
the Baltimore Section as follows: 
“The technical program will be of unusual 
terest, including a joint session with the 
mmittee on insulation of the National 
ssearch Council at which papers will be 
esented covering the latest discoveries in 
alectrics and the most recent developments 
cable research. There will be papers on 
lephone cable covering the recent advances 
the design and manufacture of pulp 
sulated cable, as well as on the use of cable 
r telephone distribution purposes, which 
ay be supplemented by inspecting the 
int Breeze works of the Western Electric 
ympany, a modern telephone cable manu- 
cturing plant. The electric power session 
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will be of particular interest as it will cover 
the economic aspects of water power, the 
design and construction of the Safe Harbor 
hydroelectric plant with particular reference 
to the hydraulic turbines which were espe- 
cially designed for sustained efficiencies 
under variable head and at partial loads. 


There will be papers covering the 80-mile - 


long, 230-kv. transmission line from Safe 
Harbor to Baltimore, the step-down station 
and the utilization of hydroelectric power 
in Baltimore with an inspection trip to the 
dam site where the Kaplan turbines, step-up 
station, transmission line river crossing and 
other interesting details may be inspected. 
“Baltimore has much to offer visitors, not 
only in the development of industry but in 
the cultivation of art, literature, science, and 
engineering. In a little more than 2 cen- 
turies she has become one of the greatest 
manufacturing ports along our eastern sea- 
board but still retains the charm and culture 


One of the many points 
of interest which may 
be visited during the 
A.1.E.E. Middle East- 
ern District meeting, 
Baltimore, Md., Octo- 
ber 10-13, 1932, is 
shown above. It is Mt. 
Vernon Place, looking 
north, and contains the 
first monument erected 
to the memory of 
George Washington. 
It was a gift from the 
French Republic 


which, with the aid of an ideal climate, 
developed from the inception of the province 
and produced such literary geniuses as 
Edgar Allen Poe, Sidney Lanier, Francis 
Scott Key, and James Ryder Randall of 
‘Maryland My Maryland’ fame. 

“The same courage and foresight which 
prompted Maryland to be the only one of 
the original 13 states to go through nearly 
the entire period of the Revolution as a 
separate and distinct sovereignty, then 
give to the federal government the territory 
now the District of Columbia and have its 
general assembly at Annapolis provide the 
necessary money for the completion of the 
federal buildings so that Congress might 
have a meeting place in the federal capital, 
also prompted the formation of the first 
gas-light company in 1816, and some 12 
years later the starting of the first steam 
railroad in America and thereby laid the 
foundation of the fortune which was some 
half-century later to furnish the funds for 
the Johns Hopkins University, making 
possible incalculable contributions to science 
by such men as Rowland, Remsen, and 
Wood, and providing a fertile field for the 
rapid growth of the engineering school 
during its 20 years of existence under the 
able guidance of Whitehead and Kouwen- 
hoven. Peale’s Museum where the first gas 
lighting was installed and the Mt. Clare 
station from which the Baltimore and Ohio 
Railroad dispatched its first train and 
which on that historic day in May nearly 
90 years ago received the first telegraphic 
communication in the world are both places 
of more than usual interest, as are the Flag 
House, where Mary Pickersgill made the 
American flag which waving over Fort 
McHenry inspired Key to write our national 
anthem, and the home of Charles Carroll, 
signer of the Declaration of Independence, 
which, splendidly preserved, is now a part 
of the Hopkins building group. 

“A sightseeing trip and tea for the ladies 
will take them to Annapolis, the capital of 
the State for nearly 300 years, where 
General Washington surrendered his com- 
mission as commander-in-chief of the Con- 
tinental Army, still retains the delightful 
atmosphere of colonial days. The old 
senate room has been preserved as it was 
when the continental congress met there 
while Annapolis was the nation’s capital. 
King William’s School founded in 1696, 
now St. John’s College, is the third oldest 
institution of learning in the country, and 
was one of the first free schools in the 
colonies. Here is located the United States 
Naval Academy, in the crypt of whose 
chapel lies the remains of John Paul Jones, 
and here also is the flag which has given 
the Navy its watchword, ‘Don’t give up the 
ship.’ 

“The Baltimore Section urges you to come 
to the meeting in October with the assurance 
that you will find an unbounded hospitality.” 
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Last Call for the 


Pacific Coast Convention 


INrerEst now is centered upon the 
next major event of the Institute’s program; 
namely, the Pacific Coast convention to be 
held this year at Vancouver, B. C., August 
30 to September 2, 1932. Details of this 
convention were published in ELECTRICAL 
ENGINEERING for July 1932, p. 518-9, and 
abstracts of all technical papers which at 
the time of publication of this issue were 
definitely scheduled, are given in this issue, 
p. 583-6. 

Combined with the unusual entertain- 
ment features available in the region in such 
abundance and variety as to appeal to the 
“vacation”? ideas of every man, woman, 
and child, the technical program and more 
formal features of the convention should 
attract a large registration. 


CHANGES MADE IN FEES FOR 
REGISTRATION AND ENTERTAINMENT 


Of no little interest to those planning to 
attend the convention are the changes 
which have been made in fees. There will 
be no registration fee for the convention. 
Entertainment tickets, however, which 
cover the dance after the president’s 
reception on August 30, the boat trip on 
August 31, the dinner on the boat, the 
banquet on September 1, and, in the case 
of the women, the bridge tea on September 
2, will be available at the following rates: 


Members and men guests..........$6.00 per strip 
NUCLEI eerie oh tite sntencie, vi ssestoees -O-OOlper Strip 
SENAEHES. Soe one es eral Saisie cee 2800 per strip 


Tickets for separate items will be available 
for men, women, and students. 

This new information regarding fees 
supersedes that given in ELECTRICAL 
ENGINEERING for July 1932, p. 518. 


EXCHANGE RATES FAVOR 
UNITED STATES CURRENCY 


Consideration should be given by all 
persons from the United States attending 
the convention to the present rate of ex- 


change between United States and Canadian 
currency. Persons from the United States 
may effect a net reduction of 15 per cent 
in the effective amount of expenditures on 
the Canadian side of the border by making 
an exchange from United States into 
Canadian currency at an established bank- 
ing institution covering expenditures which 
will likely be made in Canada, United 
States money presented in Canada for 
payment of bills is accepted dollar for 
dollar without reference to the exchange 
rate which now favors United States credit. 


A.1.E.E. Directors Meet 
During Cleveland Convention 


The regular meeting of the board of direc- 
tors of the American Institute of Electrical 
Engineers was held at the Hotel Cleveland, 
Cleveland, Ohio, on Wednesday, June 22, 
1932, during the annual summer convention 
of the Institute. 

Present were: President—C. E. Skinner, 
East Pittsburgh, Pa. Past-president—W. S. 
Lee, Charlotte, N. C.  Vice-presidents— 
He. Carpenter, Pullman sWachjy ses 
Charlesworth, New York, N. Y.; L. B. 
Chubbuck, Hamilton, Ont.; W. E. Free- 
man, Lexington, Ky.; W. B. Kouwenhoven, 
Baltimore, Md.; T. N. Lacy, Detroit, 
Mich.; I. E. Moultrop, Boston, Mass.; G. 
C. Shaad, Lawrence, Kans. Directors—A. 
E. Bettis, Kansas City, Mo.; A. B. Cooper, 
Toronto, Ont.; B. D. Hull, Dallas, Tex.; 
J. Allen Johnson, Buffalo, N. Y.; A. E. 
Knowlton, New York, N. Y.; A. M. Mac- 
Cutcheon, Cleveland, Ohio; F. W. Peek, 
Jr., Pittsfield, Mass.; C. E. Stephens, New 
York, N. Y. National treasurer—W. I. 
Slichter, New York, N. Y. Acting national 
secretary—H. H. Henline, New York, N. Y. 

Present by invitation were: Past-presi- 
dents—Paul M. Lincoln, Ithaca, N. Y.; 
Charles F. Scott, New Haven, Conn. Off- 
cers-elect-—K. A. Auty, Chicago, Ill.; G. A. 


Kositzky, Cleveland, Ohio; A. H. Lovell, 
Ann Arbor, Mich.; E. B. Meyer, Newark, 
N.J.; A. C. Stevens, Schenectady, N. Y. 

The minutes of the directors’ meeting of 
May 20, 1932, were approved. 

A report of a meeting of the board of ex- 
aminers held June 15, 1932, was presented 
and approved. Upon the recommendation 
of that board, the following actions were 
taken upon pending applications: 3 appli- 
cants were transferred to the grade of Fel- 
low; 7 applicants were elected to the grade 
of Member and 30 were transferred to the 
grade of Member; 62 Associates were 
elected; 54 Students were enrolled. 

Approval by the finance committee, for 
payment of monthly bills amounting to 
$42,808.20, was ratified. 

For the purpose of stimulating more 
prompt payment of membership dues by the 
mailing of dues notices at shorter intervals, 
after May 1, 1933, Section 18 of the By- 
Laws was amended by replacing the second. 
and third sentences with the following: 
“On August first, November first, and Feb- 
ruary first, notices shall be sent to those re- 
maining in arrears, the February first notice — 
to be accompanied by a copy of this section 
of the By-Laws.” 

Resolutions were adopted, expressing the 
directors’ appreciation of the services of the 
Cleveland convention committee and its 
subcommittees. 

Various recommendations adopted at the 
conference of officers, delegates, and mem- 
bers on June 20 and 21 were considered and 
referred to appropriate committees already 
in existence or to be appointed; and ap- 
proval was given to a recommendation that 
the Districts be requested, when planning 
Districts meetings, to consider the forma- 
tion in each case of a subcommittee of the 
general convention committee to coordinate: 
all phases of student participation in the 
convention activities, and to schedule a 
student session which will not conflict with 
any of the technical sessions, inspection 
trips, or other events of the convention; or 
in lieu thereof, to consider scheduling one or 
more student papers in the programs of the 
main technical sessions. 

Other matters were discussed, reference to 
which may be found in this or future issues 
of ELECTRICAL ENGINEERING. 


Generator room (left) and control room (right) in the Ruskin power plant of the British Columbia Power Corporation, Ltd., 


near Vancouver, B. C. 


Inspection of this plant will be made during the A.I.E.E. Pacific Coast convention, August 30—- 


September 2, 1932. The generator, rated at 47,000 hp., is of the ‘‘umbrella” type 
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onvention Sports Trophy 
Information Completed 


Supplementary information and a cor- 
‘tion are presented here to bring correctly 
to date the listing of winners of A.I.E.E. 
mimer convention sports trophies given on 
521 of ExmcrricAL ENGINEERING for 
ly 1932. The name of L. F. Deming 
711) of Philadelphia, Pa., permanent 
nner of the first Mershon golf trophy 
is misspelled in last month’s report. 

Concerning the Mershon tennis trophy it 
ould be recorded that the first trophy 
is offered for competition at the 1923 
mmer convention held at Swampscott, 
ass., and was won in that year by J. P. 
ikonow (M’18) of New York, N. Y. In 
25 the cup was won permanently by G. A. 
win (M’13) East Pittsburgh, Pa., who 
so had won the tennis tournament of 


1924. In 1926 Past-President Ralph D. 
Mershon made available a second tennis 
trophy which was won in that year by 
L. B. Chubbuck (M’26) of Hamilton, On- 
tario, Canada. 

These additional data together with a 
correction in the present address of Mr. A. J. 
Gowan make the following list of Mershon 
tennis trophy winners correct according to 
present Institute records: 


First Trophy 


1923—J. P. Nikonow, New York, N. Y. 
1924—G. A. Sawin, East Pittsburgh, Pa. 
1925—G. A. Sawin, East Pittsburgh, Pa. 


Second Trophy 


1926—L. B. Chubbuck, Hamilton, 
Canada. 

1927—G. A. Sawin (M’13) East Pittsburgh, Pa. 
1928—P. H. Hatch (M’29) Stamford, Conn. 
1929—A. J. Gowan (A’23) Rock Island, Ill. 
1930—E. F. Lopez (M’18) Mexico City, Mex. 
1931—J. K. Peck (A’27) New York, N. Y. 
1932—R. A. Monroe (A’30) Pittsburgh, Pa. 


Ontario, 


\merican Tentative Standard 


for Engineering Abbreviations Adopted 


RINGING to a close a_ preliminary 
riod of several years of effort, the sectional 
mittee on scientific and engineering 
mbols and abbreviations of the American 
‘-andards Association recently made a final 
port to that Association embracing an 
merican Tentative Standard specifying 
id governing the use of abbreviations for 
ientific and engineering terms. This 
ntative standard is strictly an editorial 
ecification listing more than 200 abbre- 
ations considered as acceptable for use 
. the preparation of technical manu- 
ripts, and setting forth 8 practical rules 
yverning the use of such abbreviations in 
xt matter. In this initial list of abbrevia- 
ons the committee has included only the 
rms in most common use. 
The tentative standard as it now stands, 
ith its list of abbreviations and its rules 
yverning their use, has been accorded 
ficial approval by the A.I.E.E. and also by 
1e American Association for the Advance- 
ent of Science, the American Society of 
ivil Engineers, the Society for the Pro- 
otion of Engineering Education, and 
he American Society of Mechanical 
ngineers. It is expected that these 
yonsoring organizations will bring into 
mformity with the standard list the 
»breviations now used in their respective 
iblications, and from time to time will 
mtribute to the extension of the standard 
st by the addition of further mutually 
rreeable abbreviations. In sanctioning 
ese abbreviations, each society authorized 
iose falling within the sphere of its pro- 
ssional activity, recognizing at the same 
me the other abbreviations as authorized 
y the other organizations. Controversial 
ybreviations were omitted from the list 
ibject to subsequent settlement. 
The subcommittee of the sectional com- 
ittee that carried on the research in 
ybreviations for scientific and engineering 
rms includes G. F. Bateman, professor 
mechanical engineering, Cooper Union, 
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New York, N. Y.; S. McK. Gray, Elec- 
trical Testing Laboratories, New York, 
N. Y.; W. T. Magruder, professor of 
mechanical engineering, The Ohio State 
University, Columbus, Ohio; Dr. W.N. P. 
Reed, assistant editor, Engineering and 
Mining Journal, McGraw-Hill Publishing 
Company, Inc., New York, N. Y.; H. E. 
Ruggles, Westinghouse Electric & Manu- 
facturing Company, East Pittsburgh, Pa.; 
working under the chairmanship of 
G. A. Stetson, editor, The American 
Society of Mechanical Engineers, New 
York, N. Y. Officers of the A.S.A. sec- 
tional committee on scientific and engi- 
neering symbols and abbreviations include 
J. F. Meyer, Bureau of Standards, Wash- 
ington, D. C., chairman; S. A. Moss, 
General Electric Company, West Lynn, 
Mass., vice-chairman; P. S. Millar, Elec- 
trical Testing Laboratories, New York, 
N. Y., secretary; and S. McK. Gray, 
assistant secretary. The executive com- 
mittee of the A.S.A. sectional committee 
includes J. F. Meyer as chairman and S. A. 
Moss as vice-chairman; also Dr. A. E. 
Kennelly, Harvard University, Cambridge, 
Mass,, representing the American Associa- 
tion for the Advancement of Science; H. N. 
Davis, Stevens Institute of Technology, 
Hoboken, N. J., representing The American 
Society of Mechanical Engineers; and C. 
M. Spofford, Boston, Mass., representing 
the American Society of Civil Engineers. 


RULES GIVEN 


To’ clarify a necessary distinction, the 
committee has ruled that: 

A symbol is a letter or sign used in a 
formula as a substitute for any numerical 
value. A shortened expression for a name 
or a unit is an abbreviation and not a sym- 
bol. Concerning the use of abbreviations, 
the committee’s recommended standard 
specifies that: 


1. Abbreviations should be used sparingly in text 
and with regard to the context and to the training of 
the reader. Terms denoting units of measurement 
should be abbreviated in the text only when pre- 
ceded by the amounts indicated in numerals; thus 
“several inches,’ “‘one inch,” “12 in.’”” In tabular 
matter, specifications, maps, drawings, and texts 
for special purposes, the use of abbreviations 
should be governed only by the desirability of con- 
serving space. 


2. A sentence should not begin with a numeral 
followed by an abbreviation. 


3. Short words such as ton, day, and mile should be 
spelled out. 


4. Abbreviations should not be used where the 
meaning will not be clear. In case of doubt, spell 
out. 


5. The use of conventional signs for abbreviations 
in text is not recommended; thus “per,” not 
/; “‘lb.”? not #; ‘‘in.,” not.” Such signs may be 
used sparingly in tables and similar places for 
conserving space. 

6. The committee indorses the movement which 
was begun by the international committee on 
weights and measures in omitting the period in 
abbreviations of metric units and further indorses 
the growing tendency toward the omission in 
abbreviations of other origin. In the interests of 
economy and the reduction of waste, the elimination 
of the period is recommended except where such an 
omission results in an English word. Exceptions to 
this practise will be found in a few mathematical 
and chemical terms, such as sin, tan, log, As, etc. 


7. The letters of such abbreviations as A.I.E.E. 
should not be spaced (not A, I. E. E.). 


8. The use in text of exponents for the abbrevia- 
tions of square and cube and of the negative 
exponents for terms involving ‘‘per’’ is not recom- 
mended. The superior figures usually are not 
available on the keyboards of typesetting and 
linotype machines, and composition therefore is 
delayed; also there is the likelihood of confusion 
with footnote reference numbers. These shorter 
forms are permissible in tables and sometimes are 
difficult to avoid in text. 


Principal changes that may be noted in 
the tentative standard list of abbreviations 
include the elimination of practically all 
periods from abbreviations, and shorter 
forms of some otherwise common abbrevia- 
tions. As new material is set up for subse- 
quent publication in ELECTRICAL ENGI- 
NEERING and other A.I.E.E. publications, 
such abbreviations as are used will be 
brought into conformity with the tentative 
standard list. 


PERMISSIBLE ABBREVIATIONS 


In conformity with the A.S.A. tentative 
standard, the following partial list indicates 
the style of abbreviations recommended 
by the A.I.E.E. publication committee for 
use in Institute manuscripts and publica- 
tions: 


NCTE fOOt We. vicgn ec eudora epee Te re acre-ft 
Alternating-current (as adjective only).........a-c 
AMP CTOs ye: ee Keon oe COR Oe eee AD 
Alm pereshoutsic ania cierto eres . amp-hr 
Antilogarithm'y as sues oe cildnee Sah ee AMET: 
IAVCVAZO atk ccihnvo neon fein tan ae eee Ce. 
Barrell siiiocarecisit of i Obras Aven tae ee eee Dl 
BAUME ji 5 Mee saicld Joa epee Oar ELE hd eS G 
British. thermal saunit....-h cece ee ee ee ULL 
Calory es sacay. eecceisy na etc tein, SFOs ay Cal 
GCandlepowerthracnpus «cet nwterckine ue na cen eD: 
Géntigram s% viii.) tals /sele ate wanes ey Rae tee OS 
Centimeter srnvingecati ed a oot rel ee CIMT 
Gircular mils\ score citises te aie CIEE ITEIS 
Circular-mil (adjective)................... eir-mil 
Cologatith me yrsk eres cleae see eee colog 
(Oxo) de A See ey Re a Or aA aan orticitooks tes REE 
Cosecant. rics. dares Qe voay en! eapante ee IC ee CSC 
COSINE fiers Sacnensherma atherey cance eect eee ea een COS 
Cotanzentet  ftardae so tincrtacr ee ae Eee eth 
Coulomba ck aschiwacts 2 tute jdemermacremspellmout 
Counter electromotive force..........counter emf 
QU BIC yee chee a Ramee Ih eatin Setters, Cea Nace CEE 
Cubic feetiperisecond 34.), se ccss cnc eS 
Currentidensity imide ken eres SDeIOUe 
Dayaracmonas «stitch semen arers . crek vin Caen SDelleOue 
Mectbelk,; crit wuccds woven speek aes ceed Eo 


Degree. . . deg 
Degree (< angula ur Deactre)n er rda end 
Degree emiaciiseer¢ . deg C 
Degree Fahrenheit. .. deg F 
Diameter. ; eis et . diam 
Direct- current (as adiccure: only). Suet soe LEC 
Efficiency. see hets B hate enlace ieee matin alii hee SORE 
Electric. charenahe . elec 
Blectromotive Force: . emf 
Elevation. OSCAR? Nelarmimale Pe es TS 
ST Rea ee ee ee TL eng 
ON SUNG eT eg tot ert ani: ethers acer tare wer aereh ihe a eee OIL ST. 
Pn SUC OLIN S Ficus cis:c92/ = vauclelstie nl ote Syadaulens ole cyxeyetenay OUTS 
Beer Mey sees pe oe ae eG 
Farad. Bet RE eh, ne re rene lf out 
Foot. erect eta hersieh conor tone cha hi cuites = Seater et Re 
Foot- candies - ft-c 
Foot- ea ft-lb 
Gallon. Bantene . gal 
Gallons, per cmenite, gpm 
Gallons per second. ; .. gps 
Ta CON a ha whnitho, gos am Retepell out 
Gra rama se pith accicpstene (useresraberened Gioit wanaaMetees Simran me 
eae ec ila ed, essa stn ceccal 
1S IS clas Op Oc eRe ERCION OR CIE: Cr ROO TE areca eRe Tr h 
Horsepower». ..0...0000sscseecseeeeeseee hp 
LOS hae eal Files adhib ane te alee taney Take DE 
Hour. . ei castes) tsa ee a een mann ed Gea ee ENE: 
Hyperbolic sine. sinh 
Hyperbolic cosine. . Bote bdr pots AIDE cosh 
Piero iie rantwent oan. ca cent nak inc bakatendl 
Ee CH iPree tne aval ac sous a sina, sivas ee atcne a Bias te kebereteiaper ete aids 
SIONS. SBS ee Rte ITE Chel] IG RO Ae he Reece rc aes MeL] 
ROC. Clear ae ciahe foGdeiae elise =e breeuieLe ses ett angie 
TROP STEN aN A sind Ee ced Onc Mee POC CREEL Cheon oe S29 
KATOMELCL. sents eis sar ths cunt encusieueii tcl cc any, e EE 
PLOW Ol Ute eho ogs etter aie oot aterm ana ets wherace ata aN 
Eqlovolt-amipere i. .ls 6c fuses wee ee en KV 
TOW ATL ence creR SATs eho: lean etebie altetenete caver 2 ROY, 
Kilowatthour.. x (the San ahhetavay eb cvatecas Revels kwhr 
Lambert. es 3 Re ee ets oe at eragenewe regs ener that os 
Logarithm Goninon) Lb ah . log 
Logarithm (natural). . loge 


FT PN ROIS Mere ael FOUR Kak NR rsh 


POUNCE ROGN Fuels oe eee ieee ewer ee rse weer epee «OT 
WUIMENS PEt Wate ae anes bela ecient rer otis eats lpw 
IMagnetomotiv.e fOrCcew.n. 6s. a 
INL AS Steet tines lied! ya cethaie ers: tat ok ter MODEL Out 
MPS oO ied aie cen getardeus ciate she SD Elly OWE 
JOGA PES ee Ag tneena Th Hire ar ep © RCE GR Pan tay Pee Cane PEP eames 4) 
Wi OmeREe Rene ey iou iehe Oc oe eh strani a SPOIL Out 
IMIRGKOAMIPEKE weer Cimieeer keke ietamcvercle eirvcie eestor kG: 


Summarized Review of 


Microfarad ieee vena loue «a0 isivaete oro pasnereaioueiala valet RathEn 


Micromictonis tic ckiete nish: aside alemeheatale etic ere EMS HETE 
Meer Oe * yak nA wa Sm area a 
Microwatt. nee . LW 
Mile. F pone out 
Miles per hour. . ..mph 
Milliampere. . nay heteee toy ott oyaeetagitMektnnens Pome NeRee IEG 
Millifaradsa..cche hee ee eae 
Milligtamt Onanticvct he sittin coe Cee eer eS 
Mali bemry 2c daiGeetatenareve ea viaugs. erenet ansaantieraactete ope SILED 
Millilam b ert. A cacvatier: ait sister eet etnies eee, 
Malliliter ca.ckivtan step otto ecpelene seer oem oneantricas one ntaLL 
Mili tern... cis\s praca oo pet oie tome reree rGvenenen ee ieee AALERR 
AV EVbiiikacoyrsimma Cri cSt ater don ao mellts 
TORT aE te ec ere oe a out 
Millivolt. aoe eo sesh’ 
Minute. : LENS Repeat . min 
Minute (angular measure).......+.0.. 00.0001! 
Month. ...spell out 
Ohm. ; <einr eas ..spell out 
Ohm- centimeter! F . ohm-cm 
Ounce.. Eis Neues seh ela cate Detin obey Siva ects MPR EN Ry OZ 
Potential. k _ spell out 
Potential difference: Evehe, Pare settee see SD Clue OLE 
Pound. Se eR eed SE SS 6 RTS 
Pound-foot. my diay oat avete ie qane aBe Gta tev eee cetera Mauaeacerecae lb-ft 
Power factor. . .». Spell out 
Radian. : ; .... Spell. out 
Reactive iiovolte Deipere) Sapte cnrseeee eve 
Reactive volt-ampere. ae hv a 
Revolutions per minute... .a.9.) a kee ror 
Revolutions per second.” 4.4. eae es sk vs Ce wea cE pS 
Root meanvsquares cer aa vara. oe ene: Hees 
Secant. ++. sec 
Second.. ra SEC 


Second (angula ar measure). Bs 


Second-foot.. 
Sine. 


es bib Rest per eecond) 
..sin 


Square foot.. eter ae SQiite 
Square root of : mean square. .. rms 
Tangent.. Shogo. cies maya ‘e-wicers poibusen steeereesre punyen TCA IL 
One Ret RUE nko ee ell out 
MONEmsple Sad 2, kctvon e cds reeeets quetle dere ASPeLULOUt 
Vi ersedy Sime: coi \oskucswaen entrees SG ier Rtn ue eae OES. 
ViGUE AR hy wcgeanicc tis aan tof etirnrais Ja Ach tie Meee iieokem nee racemes oh NG 
BT OR ge a tne pean ie 
Volt-coulomb. ..spell out 
Watthour.. BUS ect Rese eet .Wwhr 
Watts per aie Xr ..wpe 
Week. Aah aac ae hea s mets | out 
acd bos bv pee isin AE 
ACT ve AEA Sa aun POND op io.tlost ee COR Gre OETA LS 


Some Cleveland Convention Discussions 


Principat discussions of the Cleveland 
convention papers are summarized here- 
with. The papers to which these discus- 
sions refer were abstracted in ELECTRICAL 
ENGINEERING for June 1932, p. 405-18. 

Only discussion submitted in writing in 
accordance with governing A.I.E.E. rules is 
summarized. Complete discussion, together 
with all approved papers, will be published 
in the TRANSACTIONS. 


THE ENGINEERING SUBJECTS 
IN THE COLLEGE PROGRAM 


S. M. Dean (Detroit, Mich.) discussed 
this subject with the view that an increas- 
ingly large proportion of engineers eventu- 
ally get into administrative positions. He 
agrees, however, than any electrical engi- 
neer must have a basic training in the 
fundamental concepts. Referring to Table 
I of the paper, he would include in the first 
prescribed group the fundamental courses 
as well as transmission and distribution; 
also electronics. He also suggested that a 
rather wide range of the more specialized 
subjects should be offered as electives to 
determine the ‘‘natural bent”’ of the student 
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and to show him into what the various 
branches of the electrical engineering pro- 
fession will lead him. The necessity for a 
successful administrative engineer to take 
a broad view of any situation, and his 
ability to set forth his ideas in a logical and 
convincing manner, were emphasized as 
important characteristics. He suggested, 
too, that the story of obstacles surmounted 
and of the men who contributed to this 
successful development of the various steps 
both from a strictly engineering angle as 
well as from the commercial point of view, 
would serve as a helpful background. 

R. E. Hellmund (East Pittsburgh, Pa.) 
called attention to the lack of training in 
the mechanical features of machine design 
and engineering materials as shown in Table 
II of the paper. He stressed the point that 
all component parts of electrical machines 
and apparatus present mechanical problems 
and that the greater part of the work of 
electrical design engineers has to do with 
the mechanical phase. He believes that 
some of the time now devoted to heat, 
power, and hydraulics should be devoted to 
mechanical design and engineering mate- 
tials; at least, he believes good courses on 


these subjects should be available to those 
wishing to go into design work. 

A. E. Knowlton (New York, N. Y.) in his 
discussion of this subject urged generous 
support of Dean Lovell’s plea that the 
electrotechnical content of the curricula be 
surveyed, but at the same time he warned 
against placing too much emphasis on 
statistical data. With regard to reversion 
to fundamentals and the elimination of 
specialization, two solutions were offered. 
One of these suggested a review of the 
content of fundamentals with a test of 
every item for its broad applicability over 
the whole range of energy magnitudes and 
diversified applications; those phenomena 
and principles having the widest range of 
adaptability to electrical activities would 
appear most entitled to be ranked as 
fundamentals. The other solution sug- 
gested that more stress be placed upon 
functional significance of electrical phe- 
nomena and the physical equipment devised 
to exploit them. The ‘“‘horizontal’’ char- 
acter of such a set-up would give the subject 
matter a bearing upon every branch of the 
art involving an exercise of those functions. 

Another discussion by D. C. Jackson, Jr. 
(Lawrence, Kansas) brought out recent 
changes made in the electrical engineering 
curricula of both the University of Kansas 
and Kansas State College. The former now 


has a greater number of hours given over 


to fundamental course in electrical engi- 
neering, while the latter has increased the 
number of hours for electronics, making it 
a required rather than an elective course. 
These changes tend to substantiate the 
trend indicated by Professor Lovell in his 


paper. 


Another view of this subject from the 


point of industry was presented by W. W. 
Lewis (Schenectady, N. Y.), who explained 
that graduates ultimately were absorbed 
through 3 main channels: large manu- 
facturing companies; large public utilities; 
and small manufacturing companies, public 
utilities, and industrial plants. The first 2 
groups maintain more or less extensive 
training courses and require broad training 
in fundamentals; but the latter group re- 
quires in addition specialized training to fit 
the graduate for immediate usefulness. 
Since very few students know until just 
before graduation in which group they will 
be employed, Mr. Lewis believes that it is 
obviously necessary to give all students the 
broad fundamental courses plus a number 
of specialized courses. He agrees that the 
subject of electronics is becoming increas- 
ingly important and that practically all 
of the courses listed in Tables I and II of 
the paper were desirable, with the exception 
of those on surveying and foreign languages. 

Still another view from industry was 
contributed by L. F. Morehouse (New York, 
ING Se). 


fundamental courses in which the broad 
fundamentals would be illustrated from 
every phase of electrical engineering. If 
this should be impractical it was suggested | 
that required courses other than those. 
designated as “fundamental”? should have 


a more general content and be more widely } 


illustrative of modern electrical engineering | 
in its broadest application. 

L. W. W. Morrow (New York, N. vy) 
ably discussed the subject of technical 


ELECTRICAL Enemas 
i 
| 


He questioned whether all of the | 
required work should not be given in truly | 


| 
| 


ication, calling attention to the need for 
zineering courses to keep abreast of the 
idly changing art. Ananalysis of Table 
yf the paper quickly raised a number of 
rtinent questions which indicated the 
riation in hours devoted to fundamental 
irses, the lack of correlation between 
idamental course hours and additional 
juired or elective hours, the specialized 
arses consistently taught, and the lack 
courses such as electrochemistry and 
ctronics. Upon analysis, such data 
owed very vividly an antiquated, super- 
ial, and cumbersome content for the 
‘hnical engineering courses. The next 
p in this discussion, based upon Mr. 
orrow’s broad experience and extensive 
ntacts, showed briefly but valuably what 
oblems confront practising engineers of 
day. In conclusion, the following recom- 
sndations were made relative to the tech- 
cal content of college courses: (1) Stick 
theoretical principles and apply them to 
current engineering applications; (2) 
minate the old, the standardized, and the 
solete principles and applications, and 
place them with new and live theories and 
plications; and (3) do not specialize in 
rms of arbitrary and artificial field divi- 
ms of engineering, but require all students 
take the same fundamental course with 
few electives in specialized theory instead 
practise. 
A. E. Silver (New York, N. Y.) also dis- 
ssed this subject, and was of the opinion 
at natural ability justifying a 4-year 
urse should be devoted primarily to the 
ying of a foundation—learning the princi- 
es of accomplishment by effectively 
recting the forces at hand, acquiring the 
ait of making one’s knowledge available 
id of value to others, and finding one’s 
itural self—leaving specifications largely 
| graduate work and one’s later initiative 
id experience. 


DUCATIONAL ASPECTS OF 
ENGINEERING AND MANAGEMENT 


R. E. Hellmund (East Pittsburgh, Pa.) 
scussed this subject and emphasized par- 
sularly the point that enthusiasm over 
e fact that engineering education had 
ned out personnel suitable for industrial 
anagement, should in no way lead to a 
minution of the technical engineering 
jase of the undergraduate program. It 
as pointed out that although only 25 per 
nt remain in technical work after the age 
40, the majority soon after leaving 
lege are called upon to carry on technical 
gineering. He advocated that rather 
an change the undergraduate courses, 
anagerial training should be given in the 
rious postgraduate programs. 
D. C. Jackson, Jr. (Lawrence, Kan.) also 
scussed this phase of the subject and it 
as his belief that engineering training 
ould continue to be valuable for mana- 
rial duties in industries based upon 
igineering. With students, there might 
» a trend toward business courses, ad- 
inistration or management, but it ap- 
ared doubtful whether such courses of 
udy could provide so satisfactory a train- 
g as do engineering courses. 
Another discusser, E. E. Johnson (Sche- 
sctady, N. Y.), related a number of in- 
ances where men who have demonstrated 
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The Engineer 
HE IS THE master of the Laws of Nature. 


On a sound foundation of mathematics, 
science, and economics, he bends the 
materials and forces of Nature to his plan 
and rears the structure of civilization. 

With vision, resourcefulness, and_ in- 
genuity, he labors to increase the comfort, 
wealth, and safety of his fellowmen. 

He attacks his problems with the vision 
of the pioneer, the integrity of the scientist, 
the accuracy of the mathematician, the 
practicality of the business man, the re- 
sourcefulness of the inventor, and the 
‘courage of the conqueror. 

He is the planner and builder. He 
builds his visions into enduring realities. 

He is the pathfinder of civilization. He 
breaks down the barriers, bridges chasms, 
establishes communication, and straightens 
the way for commerce and human progress. 

He is the protagonist of efficiency. He 
reduces the effort, eliminates waste, and 
increases production. 

He is the creator of a Nation’s wealth. 


a high order of technical leadership gradu- 
ally came into positions of technical man- 
agement. He did not feel that inclusion of 
a fundamental technical background in 
engineering curricula would detract from 
the field of management. 


RELIABILITY AND ECONOMY IN THE 
OPERATION OF LARGE ELECTRIC SYSTEMS 


This subject was introduced very com- 
prehensively by the presiding officer, F. H. 
Hollister (Chicago, Ill.), who told of the 
origin and objective of the symposium. 
He pointed out that each district had its 
own peculiar problems and that there were 
scarcely 2 alike. For example, Philadelphia 
with a major hydroelectric connection was 
contrasted to Chicago with no hydroelectric 
connection of any great importance. Each 
paper was believed to present a method of 
determining how each of the respective 
metropolitan systems with its particular 
characteristics is operated to secure maxi- 
mum reliability and economy. In each 
instance, however, the goal is reached in a 
different manner by devious paths that 
rarely cross but it is believed that each 
system with its scheme of operation has 
ample backing and justification. 

One of the interesting phases of a discus- 
sion by R. L. Thomas (Baltimore, Md.) 
related to the essentiality of accurately 
forecasting future loads under present 
economic conditions. It is his belief that 
under present conditions, any forecaster 
who predicts loads for even a year or 2 in 
advance, with an error of only 2 or 8 per 
cent, may consider himself fortunate. 

J. R. Baker (Baltimore, Md.) in his dis- 
cussion summarized indications in the 
papers which related to interconnections. 
Apparently they were not producing the 
widely connected geographical power 
scheme forecast by some of the early pro- 


He drains the swamps, reclaims the deserts, 
develops resources, and harnesses power. 
He builds the machinery of industry, the 
wheels of commerce, and the structure of 
business. 

He is. the great coordinator. He plans 
and directs the construction of projects 
representing the investment of millions of 
dollars and the labor of thousands of men. 

He investigates with open mind, and 
gets the facts before he makes decisions. 
He plans with thoroughness and builds 
with fidelity. 

To his rich heritage from the labors of 
past generations of engineers and scien- 
tists, he adds his contributions. He con- 
tinues the work of forcing outward the 
challenging barriers that separate Man's 
efforts from the impossible. 


By D. B. Steinman, President of the New York 
State Society of Professional Engineers, and Past- 
President of the American Association of Engineers. 
Reprinted from ‘The American Engineer’ for February 
1932. 


ponents. The true function of intercon- 
nection seemed to be of a supplementary 
nature, and the papers tended to show that 
the main reliance for power supply in any 
load area would continue to reside in power 
stations adjacent to the load. 

Another discussion by C. M. Gilt 
(Brooklyn, N. Y.) considered 2 different 
methods of meeting the situation arising 
when it might become necessary to shut 
down a generating station completely. 
Costs for such systems at first might appear 
high, however, for the larger systems, the 
magnitude of such completely isolated 
stations is of the order of 500,000 kva., 
and makes use of the most economical size 
of units available. 

Another part of a general discussion 
presented by J. R. Baker (Baltimore, Md.) 
referred to carrying out construction proj- 
ects in advance of load requirements for 
reasons of reliability or economy in opera- 
tion. He explained that such work had 
been confined chiefly to the replacement 
of obsolete and inadequate equipment. In 
general, for reasons of economy in opera- 
tion the company was not committed to 
investments in advance of actual load re- 
quirements. The exception is in the case 
of such items as converting attended sub- 
stations into the automatic type where 
definite labor savings can be predicted. 


THE COORDINATION OF TRANSFORMER 
INSULATION WITH LINE INSULATION 


R. N. Conwell (Newark, N. J.) cited 
objections to the fixing of transformer 
insulation at a definite arbitrary value and 
then relying upon the designer of a trans- 
mission line to coordinate with these values. 
Such a method, he explained, surely could 
not produce a well-balanced, satisfactory, 
economical, system design. The trans- 
mission designer is handicapped at the very 
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start by the necessity of meeting limits 
established without regard to service con- 
ditions or local factors, such as the char- 
acter of the terrain, lightning exposure, 
frequency of storms, or the position of the 
line with regard to storm paths. He sug- 
gests that a suitable committee canvass 
thoroughly a large number of operating 
companies to determine preferences in 
future insulation levels, and he believes 
that the methods employed for coordina- 
tion should be the basis of determining 
transformer insulation requirements. 

F. J. Vogel (Sharon, Pa.) also discussed 
this subject; it is his belief that the co- 
ordination of transformer insulation with 
the gap was of great value not only to 
operating engineers but to the manufac- 
turers in providing a yardstick to measure 
the surge strength of station apparatus. 
He felt that the gap would be used merely 
as the level in the case of very low voltages, 
and that for this purpose, the table in the 
paper might be extended. 

J. B. Hodtum (Pittsburgh, Pa.) discussed 
justification for the development of the 
coordinated distribution transformer. He 
explained that such a transformer had been 
developed and had been on the market 
now for 4 years. Impulse tests confirmed 
by 4 years of service have demonstrated 
that these transformers would flash over 
the bushings before the transformer itself 
would fail. Over 5,000 such transformers 
have been in service without a single failure 
having been reported. 

Another discussion of this subject by 
J. K. Hodnette (Sharon, Pa.) pointed out 
that if the transformers were designed in the 
usual way with the high-voltage winding 
divided into 2 or more parts, the initial 
voltage stresses across the coils would be 
reduced materially as compared with the 
coordinated design. From this material 
reduction in stress it would appear that the 
shields were not essential for building a 
transformer with coordinated insulation. 


CHARACTERISTICS OF SURGE GENERATORS 


C. L. Fortescue (East Pittsburgh, Pa.) 
discussed this subject and explained that 
the importance of the paper rested in the 
fact that the author had demonstrated that 
what might appear as extremely complicated 
circuits, could be represented with a close 
approximation by simple circuits. He be- 
lieves that the author has shown the ease 
of predicting the actual wave under test 
conditions, thus permitting specifications 
for surge testing of apparatus without fear, 
provided surge measurements are properly 
carried out and calculations are made 
beforehand, to insure that the apparatus is 
receiving the proper test. 

W. L. Lloyd, Jr. (Pittsfield, Mass.) be- 
lieves this paper timely, well-written, and 
interesting, but he does not feel that the 
subject is particularly new. Reference was 
made to Mr. Peek’s first lightning generator 
of 1913, and to the fact that the impulse 
voltages delivered by such a circuit have 
been subject to calculations. 


Loap RATIO CONTROL CIRCUITS 


F. L. Snyder (Sharon, Pa.) in his discus- 
sion of this subject pointed out that whether 
an air-gap should or should not be used in 
the core of the reactor depended upon the 
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characteristics of the circuit desired. In 
any event he felt that the tap changer, the 
transformer, and the reactor must be insu- 
lated for the voltages which may be im- 
pressed upon them under both normal or 
abnormal conditions. Conceivably, a tap 
changing operation might take place at the 
instant of line short circuit. 

A. Boyajian (Pittsfield, Mass.) in dis- 
cussing this subject felt that usually at- 
tempts to limit voltage rise by saturation 
result in just the opposite effect. Non- 
critical expectations based on r.m.s. char- 
acteristics come to grief, and the very 
feature (saturation) depended upon for 
protection, stings and pierces the insulation 
of the circuit by needle-shaped voltage 
peaks. In terms of elementary sine wave 
concepts associated with linear circuits and 
without recourse to advanced mathematics, 
he analyzed the meaning of saturation 
phenomena in an a-c. circuit as understood 
physically. 

H. O. Stephens (Pittsfield, Mass.) dis- 
cussed this subject. He referred to tests 
which showed that when preventive re- 
actors with closed magnetic circuits were 
used, decided peaks in the voltage waves 
across the reactors were obtained, the arc- 
ing on the contacts was severe, and the 
contact life unsatisfactory. However, with 
air core reactors, or with iron core reactors 
having suitable air-gaps in the core so as 
to obtain a substantially straight-line volt- 
ampere characteristic throughout the work- 
ing range, the bad peaks in the voltage 
across the reactor were eliminated and the 
life of the contacts greatly increased. 


INFLUENCE OF BRUSH 
Contact DRoP ON COMMUTATION 


R. E. Hellmund (East Pittsburgh, Pa.) in 
discussion of this subject gave an interesting 
hypothesis of contact phenomena which, 
although not as yet checked with results of 
experimental data, seemed valid. It is his 
belief that contact phenomena may even- 


tually be explained in a rather simple. 


manner by assuming certain mechanical 
conditions in the contact areas, nothing but 
ohmic resistance in the materials proper, 
and other already well-known phenomena. 

L. A. Heath (Long Island City, N. Y.) 
cited the existence of ever-changing condi- 
tions of contact between brush and com- 
mutator. He referred to brush sparking 
when a cold rotary or generator is started 
and immediately carries full load. During 
this initial period the slope of the brush 
contact curve indicates too great an inter- 
pole field strength, but after sparking ceases, 
the contact curve is quite normal. Inspec- 
tion of the brush faces during this initial 
period indicates that the brushes have 
changed their seating from that taken at 
the last shut-down. 

Another discussion by W. E. Stine 
(Cleveland, Ohio) explained that the au- 
thors’ theory of sliding contact and data 
submitted was in very close conformity 
with a theory which the discusser advanced 
several years ago to explain brush contact 
drop characteristics. The authors were 
asked a number of questions about the 
physical properties and mechanical condi- 
tions in connection with their work and 
points with which the discusser was not in 
agreement were cited. 


SINGLE-PHASE SHORT-CIRCUIT 
TORQUES OF SYNCHRONOUS MACHINES 


L. A. Kilgore (East Pittsburgh, Pa.) in 


his discussion of this subject felt that the 
authors had presented a relatively simple 
solution to the difficult problem of calcu- 
lating the pulsating torque of single-phase 
short circuits. He explained that the 
extended 2-reaction theory and the constant 
interlinkage theorem were applied to in- 
clude the effect of direct and quadrature 
axis damping circuits. 

Another discussion of this subject by 
B. L. Robertson (Berkeley, Calif.) made 
reference to the previous work on syn- 


chronous machines by Doherty, Penny, — 


and others. The assumptions of, and 


conditions set forth in previous work were — 
compared with those in the present paper, — 
the discusser also pointing out the con- 


tinued use of the theorem of constant 
linkages. 


WIRE COMMUNICATION AIDS 
to AIR TRANSPORTATION 


H. T. Killingsworth (Cleveland, Ohio) in 
connection with this subject described the 
communication equipment of the Cleveland 
airport, which includes practically all of 
the features described in the paper. Five 
teletypewriter circuits radiate from Cleve-— 


land, paralleling the more important routes. — 


The administration building which contains 
this equipment is connected to the long 
wave radio transmitting station, urgent 
messages being retransmitted to planes in 
flight by the use of the re-perforating equip- 
ment. Short wave radio equipment is used 


by the airport authorities in dispatching 


planes, both upon leaving and landing at 

the field. 

CHARACTERISTICS OF ELECTROMAGNETIC 
RADIATION FROM AIRCRAFT IN FLIGHT 


The authors, J. C. Coe and T. C. Rives, 
were asked several questions concerning the 
possibility of obtaining effects similar to 
fading when flying rough, the factors upon 
which the distance free from fading de- 
pended, and comparisons between different 
types of antennas. It was explained that 
good flying conditions were encountered 
during these tests, and that variation in 
field strength would be due much more to 
the changes in orientation of the trans- 
mitting antenna with respect to the re- 
ceiving antenna than to an actual change 
in altitude or distance. The attenuation 
undergone by earthbound rays was found 
to be independent of whether daylight or 
darkness obtained, and fading was en- 
countered when the field strength became 
less than a certain value, this value de- 
pending upon frequency, time of day, ete. 
With regard to effects with the different 
types of antennas, it was explained that 
where distances are much greater than 
altitude, the trailing wire antenna would 
give a greater field strength; and as to 
the distance free from fading, this also 
would be favored by the trailing wire 
antenna rather than by the horizontal type. 


VERTICALLY CuT SouND RECORDS 


In connection with this subject Benjamin 
Olney (Rochester, N. Y.) discussed the 
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ctical limitations which prevent the 
io broadcasting and receiving of high 
lity music as demonstrated by the 
hors. To obtain a high frequency range 
‘adio reception comparable to that which 
s demonstrated, the following steps 
uld be necessary aside from merely 
ending the frequency range of both the 
lio receiver and the broadcast system: 
frequency spacing of adjacent broadcast 
nnels must be doubled; (2) the effective 
wer must be increased to provide a greater 
nal noise ratio; (3) carbon button micro- 
ones must be used with caution or 
ninated; and (4) transmitter over- 
dulation must be avoided to a much 
ater extent than at present. Also space 
itations in the home would constitute 
: principal limiting factor of low-fre- 
oncy reproduction. 


EQUATE WIRING OF BUILDINGS 


Philip Sporn (New York, N. Y.) in his 
cussion of this subject felt that the 
rineering profession as a whole, and the 
mbership of the Institute in particular, 
1 not given sufficient attention to this 
yject. He hoped that the paper on this 
ject might serve as a prelude to others 
ich might describe advances and new 
relopments in this field. One of the 
portant reasons for the lack of progress 
this field was thought to be due to the 
eral belief that the National Electric 
de has a legal status, and that there is 
thing engineers can do except comply 
h this code. He pointed out that the 
le has no legal status of any kind except 
it which is given to it by municipal or 
ier ordinances, and such legislation might 
| for installations in direct contradiction 
the code. 

'. M. Bryant (Minneapolis, Minn.) also 
cussed this subject and felt that the 
titute should cooperate with standard- 
ig bodies in the adoption of new codes of 
ing. An increase in the standards for 
ing so that conductors in new structures 
uld have sufficient capacity to permit 
reasing the illumination was recom- 
nded. He believes that there is no type 


of building which better illustrates the 
changing tendencies than do the public 
school and buildings in institutions of higher 
education. An actual experience was cited 
and served to illustrate this point. 

F, C. Caldwell (Columbus, Ohio) in dis- 
cussing this subject referred to a simple 
application of differential calculus which 
showed that the greatest economy of copper 
for a 2-wire system will be attained when 
the permitted voltage drop is divided be- 
tween a feeder and its branches, in propor- 
tion to the length of the feeder and the 
average length of the branches. Similar 
relations for 3-wire feeders could be worked 
out with any given relation of neutral to 
outside wire. This simple principle he 
stated has never been observed in treatises 
on wiring. 

Another discussion on this subject by 
L. W. W. Morrow (New York, N. Y.) 
brought out that there are 3 aspects of 
wiring and lighting that should receive 
serious consideration by every man in the 
industry. These are the humanitarian, 
business, and technical aspects. With re- 
gard to business possibilities, he pointed 
out that a 30-story office building offers a 
load in the neighborhood of 36,000 kw. 
High-grade engineering and detailed atten- 
tion is devoted to a 500-kw. industrial 
power load; although the lighting load is 
infinitely the larger, it receives but little 
attention. Also, each home market if 
adequately sold and engineered offers from 
10 to 15 kw. of load. He felt that no more 
fruitful field for engineering than this 
existed in the industry, and that it should 
have serious attention. 

A discussion by Morgan Brooks (Urbana, 
Ill.) referred to means for revising inade- 
quate house wiring without recourse to 
complete replacement. He also brought 
out that the predicted installation of air- 
conditioning apparatus in homes makes 
adequate wiring a debatable question. As 
a remedy, he stated that often where 
coffee urns, toasters, and chafing dishes 
affect dining room illumination adversely, 
a single additional circuit can be installed 
economically, connected to the opposite 
side of the distribution system. Also 


dditional Locomotives for the Pennsylvania Railroad 


VE of the electric locomotives for high speed passenger service on the Pennsylvania 
lroad are shown in the test yard of the Erie, Pa., works of the General Electric Com- 
yy. Each locomotive weighs 190 tons, and is rated as 3,750 hp. 
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judicious reconnection of circuits at the 
cut-out cabinet may save the expense of 
rewiring. 

Taylor Reed (Reedsville, Pa.) recom- 
mended that there should be a revised code 
on adequate wiring of buildings to set limits 
of permissible momentary dip of voltage. 

Another discussion of this subject by 
P. L. Alger (Schenectady, N. Y.) suggested 
that the wiring code committee prepare a 
supplement to the standard code to explain 
the minimum character of standard code 
provisions and give detailed figures on the 
possible savings to be made by the use of 
larger wire sizes and more numerous outlets. 


CURRENT PROPAGATION IN 
ELECTRIC RAILWAY PROPULSION SYSTEMS 


K. L. Maurer (New York, N. Y.) dis- 
cussed this subject and pointed out that the 
peculiar feature of the type of circuit treated 
in this paper, as distinguished from the 
ordinary power circuit, is that one side is 
made up of a concentrated metallic con- 
ductor in parallel with a distributed con- 
ductor, the earth. The effect of the earth 
as a conductor, upon the electrical con- 
stants, cannot be neglected as ordinarily it 
might be in the case of the usual power 
circuit. 


APPLICATION OF HIGH-SPEED RELAYS 


E. H. Bancker (Schenectady, N. Y.) in 
his discussion of this subject felt that 
papers of this type which presented results 
actually attained in operating practise, 
were valuable as they point out to designing 
and application engineers factors which 
have been overlooked or neglected. In 
this way such papers offer the opportunity 
for a further improvement in protective 
relaying. These remarks were illustrated 
by several cases taken from the paper and 
analyzed by the discusser. 


A New HIcH-SPEED REACTANCE RELAY 


In connection with this subject Philip 
Sporn (New York, N. Y.) stressed the fact 
pointed out in the paper, that in spite of 
the high cost, because of the need of high- 
voltage instrument potential transformers, 
any system of distance relaying gives high 
speed protection for only about 80 per cent 
of a line section. He then referred to the 
pilot scheme for universal protection and 
the objections to using a separate set of 
pilot wires. As a solution to this difficulty, 
recourse was taken to the use of carrier 
current and tests which have been con- 
ducted. He explained that the scheme was 
a true power directional plan of protection, 
utilizing carrier current to perform strictly 
one function. Fast tripping relays in a 
section are locked out when the fault is 
external to that section; when the fault is 
internal, the fast relays will operate. 
Results of these tests showed that tripping 
under all conditions could be obtained in a 
maximum time of 3 cycles on a 60-cycle 
system. 


RELAY OPERATION FROM 
BUSHING POTENTIAL DEVICES 


A discussion of this subject by H. A. P. 
Langstaff (Pittsburgh, Pa.) which told of 
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the successful operation and functioning of 
a number of these bushing potential devices 
in service, was read by Mr. Langguth. 
When these devices were used for relays, 
Neon lamps or a high resistance voltmeter 
was recommended for checking the voltage 
which would assist materially in the finding 
of trouble that might occur within any of 
the circuits between the bushing and relays. 
Another point brought out was that no 
proof was actually obtained of the belief 
that atmospheric conditions have a limited 
effect upon the accuracy of the potential 
as obtained from these devices. 


THE Boric Acip FUSE 


T. G. LeClair (Chicago, Ill.) discussed the 
features of this new fuse and he felt that 
the lack of an inflammable liquid filler was 
an excellent safety measure. He inquired 
about an opening in the inclosed type for 
the escape of gases, and the effect of failure 
when called upon to interrupt a current 
beyond its capacity. 


SUPERVISORY CONTROL SYSTEMS 


M. E. Reagan (E. Pittsburgh, Pa.) de- 
scribed the history of this development. It 
was interesting to note that the first com- 
prehensive system of remote control and 
supervision of a large number of operations 
over a group of common line wires was put 
into operation at Cleveland in 1922. He 
also commented on how the fundamentals 
in these early installations stood the test 
of time, and are today relatively unchanged. 
The only addition to the excellent specifica- 
tion for performance appeared to be the 
anti-pumping control as presented by Mr. 
Oliver. 

J. H. Oliver (Philadelphia, Pa.) discussed 
the operating experience obtained from the 
Reading Company’s installation, empha- 
sizing the last paragraph of the paper which 
reported that no trouble had been experi- 
enced from induction, no faulty indications 
or operations had been observed or per- 
formed, and no train delays had been 
caused by failure of the supervisory control 
equipment. The discusser also pointed out 
that more maintenance was required where 
several stations are operated in parallel on 
the same common conductors than when 
individual wires and individual systems are 
used for the control of each station. 


APPLICATIONS AND PERFORMANCE 
oF AUTOMATIC EQUIPMENT 


A. E. Anderson (Philadelphia, Pa.) in his 
discussion of this subject referred to the 
extensive use that has been made of the 
system of the American Gas and Electric 
Company. With regard to the economics 
of this equipment he pointed out that in- 
vestments in automatic switchgear permit 
reduction in operating costs. In some cases 
it was possible to remove enough feeder 
copper to pay for a large share of automatic 
control. However, he brought out that 
with the increased reliability and speed over 
manual operation, together with other 
attendant developments, economics some- 
times are of secondary consideration. 

Another discussion by Robert Treat 
(Schenectady, N. Y.) demonstrated, by 
quotations from the paper, that a certain 
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course of procedure results in a collateral 
and perhaps unexpected advantage which 
is more important or more valuable than 
the primary objective originally sought. 
As was found in the paper the automatic 
substation is often less expensive to operate 
than an equivalent attended one. But by 
its reliability, speed of action, and freedom 
from errors of judgment, the automatic 
station gives a brand of service which can- 
not be approached by even the best attended 
substations. 


REPORT ON TELEMETERING, SUPERVISORY 
CONTROL AND ASSOCIATED COMMUNICA- 
TION CIRCUITS 


C. G. Wassal (Cleveland, Ohio) com- 
mended the committee for offering such a 
thorough presentation. He believes the 
report filled a need felt for a long time and 
it should result in a much closer coordina- 
tion between the 3 groups, the manufac- 
turer, the user, and the companies furnishing 
circuits for such purposes. It also was 
brought out that the communication cir- 
cuits used for telemetering require 24-hour 
maintenance and in addition for open wire 
routes, alternate routes seemed advisable in 
case of a base channel failure. 

Another discussion of the report was pre- 
sented by P. MacGahan (Newark, N. J.) 
and called attention to the importance of 
the communication line problems. He also 
told of one of the earliest telemetering sys- 
tems which was of the frequency class and 
installed on the Chicago, Milwaukee, and 
St. Paul Railroad. He explained that the 
impulses and the current balance systems 
have entirely superseded the frequency 
system in modern installations. He also 
referred to a report on remote metering by 
the committee on instruments and measure- 
ments in the A.I.E.E. TRANs., v. 47, 1928, 
p. 1164, and he felt that the present report 
might be considered as an extension of the 
same subject. 


STRESS-STRAIN STUDIES OF CONDUCTORS 


J. A. Inglis (Toronto, Can.) believes the 
paper on this subject very interesting from 
the point of change in values of the modulus 
of elasticity of a cable. He felt it would be 
interesting to know if during these tests 
basketing or bird-caging was experienced 
at end conditions or connections, and if any 
records were taken of rotation. He also 
cited the importance of fatigue limits and 
suggested that it would be most advanta- 
geous if they were tabulated for the various 
metallic cables. 


VIBRATION AND FATIGUE 


In connection with this subject F. E. 
Andrews (Chicago, Ill.) explained that there 
are several 3-strand conductors now on the 
market, notably one of high strength 
material made by the Aluminum Company 
of America. Inquiry was made about 
experience with the use of sleeves on this 
conductor and if any special sleeve was 
necessary. 

M. E. Noyes (Pittsburgh, Pa.) replied to 
the suggestion in the paper that different 
types of stranding of cables should be com- 
pared to determine their relative ability to 
dissipate energy by interstrand friction. 


He explained that this had been done suc- 
cessfully in the laboratory of his company 
on 120-ft. spans using a decrement method, 
by Mr. Kimball. The decrement of ampli- 
tude was measured from a trace taken after 
the source of forced vibration had been 
suddenly disconnected from the cable. This 
value is then substituted in the Kimball 
formula. Concerning consideration of new 
cross-section shapes and new types of 
stranding, Mr. Noyes called attention to 
the possibility of severe stress concentra- 
tions which might occur at span ends due 
to abrasions of the surfaces of wires. In 
his opinion any cross-section shapes of 
conductor which caused certain strands to 
stand out sharply would be liable to higher 
stress concentrations than the usual round 
cable. 


VIBRATION OF OVERHEAD 
TRANSMISSION LINES 


E. W. Dillard (Boston, Mass.) described 
field tests and experiences on the Fifteen- 
Mile Falls transmission line in connection 
with disruptive corona as a third cause of 
vibrating conductor. A test span, the exact 
duplicate of one of the spans on the line, 
was erected to confirm this hypothesis by 
experiment under controlled conditions. 
Rows of sprinklers installed above the span 
provided precipitation at will. Under si- 
multaneous conditions of low wind velocity 
(under 4 miles per hour) and precipitation, 
vibrations were produced in all sizes of 
conductors from No. 14 AWG stranded 
copper antenna wire to 795,000-cm. 
A.C.S.R. with the exception of No. 4/0, 
7-strand, hard drawn copper which seemed 
to have inherent mechanical characteristics 
which suppressed any tendency toward 
vibration. Conditions observed on the 
Fifteen-Mile Falls line and on the California- 
Oregon Power Company’s system showed 
that vibration occurred on the 2 systems 
under identical conditions. This data led 
to several new principles in regard to con- 
ductor vibrations. 

Another discussion by C. B. Basinger. 
(Cambridge, Mass.) read by F. E. Deck, 
presented results of experiments made by | 
H. L. Richardson (Cambridge, Mass.) and 
the author of the paper, at the Massachu- 
setts Institute of Technology, to study the 
forces which act on a moving conductor 
surrounded by corona discharge. These 
studies showed that a force exists which is) 
a function of the voltage on the conductor} 
and of the velocity of the conductor relative 
to the air. In general, it is necessary fo 
the conductor to be energized above the 
corona voltage and over the range studied} 
a further increase in voltage increases the 
force. 


VIBRATIONS DUE TO SLEET 


F. E. Andrews (Chicago, IIl.) also dis#i 
cussed this paper and he felt that the subject 
discussed was that which is generally knows} 
as “whipping” rather than ‘‘vibration.’ 
He also believes the conclusion in the pape 
that change in span length or change it 
tension of the cable does not effect th 
phenomena, is contrary to generalli] 
established formulas for traveling waves i! 
a conductor. To him it seemed impracticq 
to predict whipping by the application ¢) 
the formulas developed. | 
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(nother discussion by L. L. Perry 
nicago, Ill.) gave evidence of extraordi- 
y weather conditions in Illinois and 
liana on March 21, 1932. Conditions 
duced sufficient dancing of conductors 
trip out 132-kv. circuits of both A.C.S.R. 
1 copper. At Chicago the temperature 
ge was only from 29 deg. fahr. minimum 
30 deg. fahr. maximum with a maximum 
id of 35 miles per hour. Other condi- 
as were cited and apparently all tripouts 
urred at one point, as evidenced by 
ms on the conductors and ground wires. 
this point only, the line had a diagonal 
1 with about a 90-deg. angle with the wind. 
\. E. Davison (Toronto, Can.) discussed 
s subject and cited the importance of 
ping it prominently before engineers and 
cutives. He referred to galloping as 
denced within a 100-mile radius of 
ugara Falls with sleet loading and winds 
) to 15 miles per hour. These conditions 
re shown by Mr. Davison from a film 
rained through the kindness of the 
agara, Lockport and Ontario Power Co. 
regard to this paper he explained that 
correctly pointed out that in earlier 
erences to “‘lift,”’ “‘drag’’ studies were 
itted. He felt also that there should be 
leral agreement with the authors’ con- 
sions. 


932 Lamme Medal 


Nominations Due Nov. 1 


n fulfilment of By-Law requirements, a 
ond posting is hereby given to the 
‘essity of all nominations for the Lamme 
dal for 1932 being submitted not later 
in November 1, 1932. (See ELECTRICAL 
GINEERING, June 1932, p. 417.) 
-resentation of the 1931 Lamme Medal 
s made to GrusEPpPpE Faccroir (F’12) 
sulting engineer (retired) General Elec- 
> Company, Pittsfield, Mass., at the 
ning session of the Institute’s recent 
nmer convention at Cleveland, Ohio. 


ree thousand radio receiving sets now 
| operate independently on the same 
enna without interfering with each other, 
ording to an announcement by the 
stern Electric Company. The system is 
igned primarily for hotels, apartments, 
1 other multiple dwellings, and is ar- 
ged to overcome the increasing problems 
ich dwellers in such buildings face in 
aining good antenna facilities for their 
ios at reasonable cost. The principles 
ployed in long distance telephone cir- 
ts are used in this equipment. The 
eiving system is protected against inter- 
ences which the ordinary lead-in wire 
amonly picks up from sources within a 
Iding, and the loss in receiving power 
ally caused by the great length of lead-in 
e and its high capacity to ground is 
rcome. Each receiving set connected 
‘he system is electrically isolated so that 
cannot put any noises back into the 
tem to disturb the operation of others 
the line. The receiving set may be of 
r make the individual chooses. A vital 
t of the system is the “coaxial con- 
tor’? which serves as a lead-in wire. 
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A lightning arrester, repeating coil, filters, 
an amplifier, and lines radiating throughout 
the building make it possible for each user 
to connect his set by plugging into a con- 
venient socket. Smaller forms of this 
equipment are available also, and are 
suitable for even the individual home 
owner with only one radio receiving set. 


Frank J. Sprague 
Receives Many Tributes 


A feature of the meeting honoring 
FRANK J. SPRAGUE (A’87, F’12, HM’32 
and past-president) and which was held in 
the’ Engineering Societies Building, New 
York, N. Y., on July 25, 1932, was the 
presentation to Doctor Sprague of a hand- 
somely bound collection of nearly 500 
letters of congratulation and appreciation. 
The existence of these letters was not 
known to Doctor Sprague until the con- 
clusion of the meeting when they were 
presented to him as a complete surprise. 

The program, as announced in ELEc- 
TRICAL ENGINEERING for July 1982, p. 526, 
included speeches of tribute delivered by 
Dr. J. H. Finley, associate editor of the 
New York 7imes and former commissioner 
of education for New York City, Frank 
Hedley, president of the Interborough Rapid 
Transit Company, New York, N. Y., Rear 
Admiral S. S. Robison, U.S. Navy, retired. 

Classifying Doctor Sprague as having 
“the same relation to electric transportation 
that Thomas A. Edison bore to electric il- 
lumination,’’ Mr. Hedley in his address 
stated further that ‘‘Doctor Sprague has 
not rested with the mere inventing or sug- 
gesting of new methods. He has recognized 
that the world often is too busy to pay at- 
tention to new and advanced ideas which 
are considered revolutionary, or to give 
them a trial unless forced to do so, and he 
has made it his business to do the necessary 
forcing.... He knows what it means to 
have the signals set against him and to be 
forced onto a side track and delayed. 
Nevertheless . . . his inventions have proved 
worth while and he had sufficient faith in 
them to fight for them, even when con- 
fronted with discouraging conditions and 
fierce competition.’’ Mr. Hedley mentioned 
the modern multiple unit electric train 
control as exemplifying the importance of 
Doctor Sprague’s contributions to trans- 
portation developments, and said ‘‘.. . The 
traveling public owes and always will owe a 
tremendous debt to him.”’ 

Doctor Sprague acknowledged the tribute 
in a short response, expressing his thankful- 
ness at having been able to be of service to 
his fellow men in facilitating their con- 
venient transportation. After mentioning 
briefly some features of his own work, 
Doctor Sprague ventured the opinion that 
although other modes of transportation are 
becoming more important, the railroads still 
remained the ‘vital foundation of the 
country.”’ He stated further that “‘it 
would be folly to predict in the present low 
state of competitive traffic and world wide 
financial depression, that general electrifica- 
tion is advisable or even permissible in the 
near future. However, if some of the 
hundreds of millions of capital which the 


national government is ready to dole out 
for unproductive public works were diverted 
to legitimate and sane electric railway equip- 
ment a long step would be taken toward 
economic recovery.” 

Doctor Gano Dunn, past-president of the 
Institute (1911-12) presided over the 
meeting as chairman of the anniversary 
committee which included in its membership 
list a galaxy of names prominent in pro- 
fessional, educational, electrical, and trans- 
portation fields. Dr. C. T. Hutchinson 
(F’12) consulting engineer of New York 
City served the committee as its secretary, 
while Frank Hedley, W. B. Potter (M’96), 
G. A. Richardson (A’08), and F. H. Shepard 
(F’24) served the committee as its working 
unit. 


Wood Poles for Overhead Electrical 
Lines.—The Bureau of Standards of the U.S. 
Department of Commerce has issued Hand- 
book No. 16 on the subject of ‘“Wood Poles 
for Overhead Electrical Lines.” It is 
for sale by the superintendent of documents, 
Washington, D. C., price 10 cents, and 
contains considerable data on this subject. 


Doctor Flinn Receives 


Honorary Degree 


On June 17, 1932, Dr. A. D. Flinn, who 
since 1922 has been director of Engineering 
Foundation, New York, N. Y., received the 
honorary degree of doctor of engineering 
from Worcester Polytechnic Institute, Wor- 
cester, Mass. Doctor Flinn, a native of the 
state of Pennsylvania, received his bachelor 
of science degree from Worcester Polytech- 
nic Institute in 1893, and in 1927 received 
the degree of doctor of applied science from 
the University of Louvain. 

Doctor Flinn, a civil engineer, has been 
concerned for many years with the activi- 
ties of the entire engineering profession. 
Between 1895 and 1918, he was successively 
engineer with the Metropolitan Water 
Works, Boston, Mass., managing editor of 
Engineering Record, New York, N. Y., 
engineer on the Croton Aqueduct Com- 
mission, and deputy engineer and deputy 
chief engineer of the Board of Water 
Supply, New York, N. Y. (Catskill aque- 
duct). Since 1918 his office has been in 
the Engineering Societies Building where 
he has served since that date as secretary 
of the organization carrying successively 
the names, United Engineering Societies, 
Engineering Foundation, Inc., and United 
Engineering Trustees, Inc. From 1918 to 
1921 he also was secretary of the Engi- 
neering Council. In addition to being direc- 
tor of Engineering Foundation since 1922, 
he has been secretary of that organization 
since 1918. 

Doctor Flinn was a member of the Na- 
tional Research Council, 1918-1923, and 
chairman of its division of engineering 1920— 
1923. His technical affiliations include 
fellow of the American Association for the 
Advancement of Science, member and past 
director of the American Society of Civil 
Engineers, and member of the American 
Institute of Mining and Metallurgical Engi- 
neers, the American Iron and Steel Institute, 
and the American Society for Testing 
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Materials. He is honorary foreign member 
of the section of engineering societies of the 
Masaryk Academy, Czechoslovakia, Knight, 
Order of the White Lion, Czechoslovakia, 
and member of the Japan Society, Sigma 
Xi, Sigma Alpha Epsilon, the Engineers’ 
Club, and the Century Association. Doctor 
Flinn was a joint author of the “‘Water- 
works Handbook”’ published in 1916, and 
has been a contributor of numerous papers 
and articles on engineering topics. 


Airship Institute 
Dedicated at Akron 


The new Daniel Guggenheim Airship 
Institute at Akron, Ohio, was dedicated 
with impressive ceremonies on Sunday, 
June 26, 19382. The program included a 
communication from Harry F. Guggenheim, 
president of the Daniel Guggenheim 
Foundation for the Promotion of Aero- 
nautics, and addresses by Dr. G. F. Zook, 
president of the University of Akron, 
and Dr. R. A. Millikan (M’22), chairman 
of the executive council of the California 
Institute of Technology, Pasadena. This 
Airship Institute at Akron has been made 
possible by a gift of $250,000 from the 
Guggenheim foundation to both the Uni- 
versity of Akron and the California Institute 
of Technology for the study of lighter- 
than-air problems. The gift was supple- 
mented by $100,000 from the city of Akron. 
After expenditures for building and equip- 
ment, funds remained for the conduct of 
research work during the next 5 years. 
A most important part of the equipment 
is a vertical wind tunnel, the largest in 
existence. 

On the second day, June 27, a conference 
was held on progress and problems of re- 
search in lighter-than-air craft, with Dr. R. 
A. Millikan as chairman. Among the 
large number of speakers, all outstanding 
experts in aeronautical engineering and 
research, who took part in this conference 
are: Karl Arnstein, vice-president in 
charge of engineering, The Goodyear- 
Zeppelin Corporation; Garland Fulton, 
chief of lighter-than-air section, Bureau of 
Aeronautics, U.S. Navy Department; 
J. C. Hunsaker, vice-president and general 
manager, The International Zepplin 
Corporation; Theodor von Karman, di- 
rector, The Daniel Guggenheim Airship 
Institute; W. E. Kepner, Air Corps, Wright 
Field; and C. B. Fritsche, general manager, 
Detroit Aircraft Development Corporation. 
The subjects discussed during this con- 
ference fall under the following headings: 

Aerodynamics of airships. 

Thermodynamics. 

Meteorology. 

Structural analysis. 

Instruments. 

Engines and power plants. 

Materials. 

Aerostatics. 
Dr. C. E. Skinner (A’99, F’12, and junior 
past-president) served as the representative 
of the A.I.E.E. at the exercises on June 26 
and 27. The following statement, taken 
from a letter of Doctor Skinner’s reporting 
the exercises, summarizes the purpose of 
The Daniel Guggenheim Airship Institute 
and its relation to electrical engineering: 
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“This Institute is to be devoted entirely 
to the study of problems incident to the 
building and operation of lighter-than-air 
craft. Many of the problems which have 
been selected for study and experiment 
have a very direct relation to the problems 
in electrical engineering, and I have no 
doubt that on this account our Institute 
would do well to keep in touch from time 
to time with the work of The Daniel 
Guggenheim Airship Institute. 

“The problems of most direct interest are 
probably those having to do with the 
movement of air through passages, the 
surface friction of air over bodies, the trans- 
fer of heat, etc. These all have direct 
relation to the problem of ventilation in 
electrical machinery. There are many 
other problems in connection with the 
physical characteristics of construction and 
materials, the study of stresses and strains 
in structures, etc., which have a less direct 
bearing but which are similar to problems 
encountered in the construction of electrical 
machinery and apparatus.” 


Doctor Burgess, 
Leading Physicist, Dies 


George Kimball Burgess, director of the 
U.S. Bureau of Standards, Washington, 
D. C., died suddenly on July 2, 1932, of 
cerebral hemorrhage. Doctor Burgess was 
born at Newton, Mass., in 1874, receiving 
his bachelor of science degree from Massa- 
chusetts Institute of Technology in 1896, and 
the degree of doctor of science from the 


GEORGE K. BURGESS 


University of Paris in 1901; honorary de- 
grees of doctor of engineering were conferred 
upon him by Case School of Applied Science, 
1928, and Lehigh University, 1925. 
Between 1896 and 1903, Doctor Burgess 
taught physics at M. I. T., the University 
of Michigan, and the University of Cali- 
fornia. Since 1903 he has been connected 
with the Bureau of Standards, being suc- 
cessively assistant physicist, associate physi- 
cist, physicist and chief of the division of 
metallurgy, and since 1928, director, in 
which position he succeeded the first direc- 
tor, the late S. W. Stratton. High tem- 
perature measurements and metallurgy were 
the fields in which most of his scientific 
work as a physicist was concentrated; 
among his noteworthy achievements are the 
application of optical pyrometry to metal 


in furnace and rolling processes. His work 
on standards for light measurement, details 
of rail structure, causes of rail failure, and 
many other phases of metallurgy was out- 
standing and has continued to be of con- 
siderable assistance to workers in these 
fields. A large expansion of the bureau’s 
activities occurred while he was director, 
and he was responsible for the develop- 
ment of the research associate system under 
which industries carry on research work at 
the bureau through their own employees 
advised and assisted by the staff experts 
of the bureau. 

Doctor Burgess contributed freely of his 
time to the work of scientific and technical 
societies. Among the societies of which he 
was a member are the National Academy 
of Sciences, American Society for Testing 
Materials (past-president), National Re- 
search Council (chairman), American So- 
ciety for Steel Treating (past-president), 
American Engineering Standards Associa- 
tion (director), the American Institute of 
Mining and Metallurgical Engineers, the 
American Physical Society, and the Optical 
Society of America. He was an honorary 
member of the American Foundrymen’s 
Association, and the Japanese Society of 
Mechanical Engineers. He had also been 
chairman of the federal specification board 
and the national screw thread commission, 
and a member of the national advisory 
committee for aeronautics. In 1927 he was 
U.S. delegate to the seventh international 
conference on weights and measures in 
Paris, in 1929 was U.S. delegate to the 
world engineering congress in Tokyo, and 
had been president of the Annual Confer- 
ence on weights and measures. He was a 
member of Sigma Xi fraternity and the 
Cosmos Club. In addition to many scien- 
tific articles and papers, he was the author 
of “Recherches sur la constante de Gravi- 
tation,’”’ 1901; ‘Experimental Physics— 
Freshman course,” 1902; and ‘‘The Mea- 
surement of High Temperatures” (with H. 
Le Chatelier) 1912. 


Insulation Committee | 
to Meet in Baltimore 


The electrical insulation committee of 
the National Research Council has an- 
nounced its plans to hold its regular annual 
meeting at The Johns Hopkins University | 
in Baltimore, Md., at the same time that 
the A.I.E.E. Middle Eastern District is 
meeting there. This will facilitate a joint 
meeting of these organizations tentatively 
scheduled for Monday afternoon, October 
10, at which time 4 papers in the field of 
high voltage underground cable insulation} 
and performance will be presented. 

Two other technical sessions of the elec- 
trical insulation Committee will be held. In 
those sessions the results of recent research 
in the fields of dielectrics and insulation wi 
be presented in the form of informal reports 
of progress made by manufacturers, sciet- 
tific societies, and governmental and uni 
versity laboratories. These sessions afé 
scheduled to be held at the School of Engit 
neering, Johns Hopkins University, undet 
the general supervision of Dr. J. B. Whitefi 
head, who is chairman of the committee? 


| 
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eHers to the Editor 


rFRIBUTIONS to these columns are invited 
Institute members and subscribers. They 
1 be concise and may deal with technical 
s, articles published in previous issues, or 
subjects of some general interest and pro- 
nal importance. ELECTRICAL ENGINEERING 
ndeavor to publish as many letters as possible, 
f necessity reserves the right to publish them in 
or in part, or to reject them entirely. State- 
; in these letters are expressly understood to 
ide by the writers; publication here in no wise 
itutes endorsement or recognition by the 
ican Institute cf Electrical Engineers. 


yor and 
ngineering Progress 


re Editor: 


r. William Green’s contribution to the 
0sim on “Has Man Benefited by 
neering Progress’ (see “Labor and 
neering Progress,’? ELECTRICAL ENGI- 
ING, May 1932, p. 318-9) is, to my 
l, the most encouraging contribution 
eceived. 
; depth of view and understanding is 
Jerful evidence that one need not 
ssarily have had a typical engineering 
ation to have the engineer’s method of 
oaching a difficult subject. 
ost of all, it is encouraging to me, 
use it contains the first invitation that 
neers have received from one uot in 
- profession, to expand their field of 
ilness to mankind. 
e, as engineers, have had exceptional 
mtages and some of us have had the 
age to say that our methods should 
sxtended into other fields, including 
of human relations, but no such 
estion has come to us from bankers, 
ers, or politicians. 
1at such an invitation should first come 
_a self-made man, like Mr. Green, who 
resident of the world’s greatest labor 
nization, is indeed encouraging indica- 
that engineering methods are be- 
ing to be appreciated outside the pro- 
on. 
sincerely hope that the Engineering 
idation and American Engineering 
acil will both find ways and means 
operate with Mr. Green. 
Very truly yours, 
W. S. Moopy (F’12) 
(Consulting Electrical Engineer, 
155 Dawes Ave., 
Pittsfield, Mass.) 


ve Editor: 

1 article by Mr. William Green on 
yor and Engineering Progress’”’ in ELEC- 
AL ENGINEERING for May 1932, p. 
9, is a fine contribution to the economic 
yery of the country. 

ere is no doubt but that the present 
line age with its mass production, effi- 
y systems and the infinite number of 
- saving devices, requires a compensator 
e form of a shorter work week. 

hen the salesmen find that their former 
ymers cannot buy their goods due to 
being out of employment, business 
rs, also machinery and plants become 
cially insecure. 

al prosperity demands that the maxi- 
| number be employed. At no addi- 
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tional expense to the employer the present 
man-hours of work should be apportioned so 
that the weekly amount of work will be done 
by more workers. The work week should 
be shortened, keeping the same hourly rate 
of pay, until all unemployment is absorbed. 
We are being forced to this conclusion. 
The longer the delay the harder it will be to 
recover. 

When all who want to work are employed, 
business will soon pick up, with leaps and 
bounds, due to available money to spend, 
which will create a healthy demand. Sales- 
men will be happy and salaries will rise as 
the general prosperity increases. 

Production will be balanced by work 
hours. 

Very truly yours, 
H. S. Hari (M’25) (616 East 
8th St., Brooklyn, N. Y.) 


To the Editor: 


After reading that most commendable 
article, ‘““Labor and Engineering Progress”’ 
by William Green, which appeared in 
ELECTRICAL ENGINEERING for May 1982, 
p. 318-9, the writer was moved to wonder if 
this article and articles of a similar nature in 
this series, as well as the President’s 
message, have made any deep impression 
on engineers at large. It seems that most 
engineers are all too prone to lose them- 
selves in the maze of technical work and 
lose sight of the less tangible problems 
mentioned in above paper, the equitable 
distribution of goods, profits, and labor. 
These are certainly complex problems 
which are worthy of an engineer. Since 
the engineer is largely responsible for the 
creation of the giant, machine age, which is 
threatening to annihilate us in its un- 
guided and staggering course, surely he is 
not going to sit down and leave to bungling 
politicians the task of providing a system 
of control for his robot. In other words, 
the engineers’ work is only partly done and 
he must devote some of his time to the 
solution of these important problems. 

It does not seem enough to utter a mild 
appeal to members at large to take a more 
active interest in such matters or to leave 
the burden of their solution to a few 
engineers who are actively engaged in 
politics, for it seems that a few men with 
ideas cannot put them into effect without 
strong support. If anything of value is 
to be arrived at, it requires concerted 
effort from the engineering body as a 
whole. Of course, every engineer should 
acquaint himself more with the matters of 
government, finance, and politics than he 
has done in the past, and should have no 
hesitancy in coming forward with criti- 
cisms, ideas, etc., at any time. Now it 
seems that this concerted effort of the 
engineers should be directed by the various 
engineering societies, that'is, why should 
not each engineering society have a special 
committee of notable engineers to investi- 
gate and present reports and recommenda- 
tions on these problems from time to time 
in the same manner they would investigate 
a special phase of technical work. Thus 
the engineers as a body would be in a 
position to offer solutions to pressing 
problems and to exert the necessary pres- 
sure for their adoption in industry and 
government. If the President had such a 


body behind him, he could effect many 
of the necessary reforms which he, no doubt, 
has in mind and is at present almost power- 
less to carry out due to strong group 
opposition. Therefore, it is time the 
engineer cast aside his habitual reserve 
and deference to the politician and join the 
fray in a concerted effort to find a scientific 
solution to the problems which urgently 
need solving. 

It is not assumed that all our difficulties 
would be solved by the magic touch of the 
engineer, or we would arrive at the mil- 
lennium at once, but it certainly seems 
that more active and concerted effort by 
the engineers in the solution of these diffi- 
culties would be preferable to experiments 
of bolshevism or socialism which may 
come unless the machine age is put under 
sensible control. No doubt the suggestions 
outlined above will provoke some criticism 
and suggestions. If so, this letter has 
accomplished its purpose. 

Very truly Yours, 
J. R. Hanco (A’31) 
(Arvida, P. Que., Canada) 


Reactive Power 
Units and Terms 


To the Editor: 

I desire to call attention to the apparent 
disregard of the “‘unit of reactive power’’ 
and the term “‘reactive power.” 

The adoption of this unit—the ‘‘var’— 
and the provisional adoption of the term 
“reactive power’’ by the International Elec- 
trotechnical Commission in session at Oslo, 
July 1930, were reported in ELECTRICAL 
ENGINEERING for February 19381, p. 142. 

It would be unreasonable to expect all 
authors to adopt these conventions imme- 
diately, but I do believe that our committee 
reports should utilize any and all definitely 
adopted nomenclature, thus hastening its 
general usage. 

It is quite possible that I have overlooked 
some article using the ‘‘var’’ but to the best 
of my knowledge the unit has not been used 
until in A. E. Kennelly’s article, ‘Recent 
Developments in Magnetic Units,” in ELEc- 
TRICAL ENGINEERING for May 1932, p. 
343-5. The adoption of a unit of reactive 
power comparable with the unit (watt) of 
active power is a valuable advance, as the 
“reactive voltampere’’ has been a cumber- 
some unit. 

In respect to the term “‘reactive power,”’ 
though only provisionally adopted, the de- 
sirability of its use in conjunction with 
“active power’’ is, I believe, obvious. Re- 
active voltamperes as a term has no more 
excuse for its use than has its comple- 
mentary term active voltamperes. By re- 
fraining from the use of either of these (re- 
active voltamperes and active voltamperes) 
the unit of apparent power—the volt- 
ampere—is available without the slightest 
need of the qualifying prefix ‘‘apparent.” 
Thus 2 distinct phases of the power expres- 
sion are provided: 


1. Apparent Power = Active Power + j Reactive 
Power 


2. Voltamperes = Watts + j Vars 


In a recent committee report, ‘‘Proposed 
Definitions of Terms Used in Power System 
Studies’? (No. 31M2) and some other ar- 
ticles, the convention P + jQ: has been used 
to represent the right hand side of the above 
equations. This is leading us directly into 
an ambiguous situation. P is commonly 
accepted as the symbol for power. And 
power has been commonly used inter- 
changeably with active power, though it is 
becoming more apparent that this is a 
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serious error—as attested by the increasing 
interest in the reactive power component in 
energy sales considerations, and the diffi- 
culty of explaining this new factor to the 
layman, 

It is certain that a considerable amount 
of educational effort will have to be ex- 
pended to clarify this situation. Why not 
make as much gain as is possible since some 
revising is necessary. Two lines of pro- 
cedure are suggested to me. They are: 


1. Place power on the left side of eq. 1, that is, 
drop the ‘‘apparent”’ from power as we did above 
from voltamperes, making the unit of power the 
voltampere, of active power the watt, and of re- 
active power the var. This is the preferable though 
more radical change. 

2. Continue the use of power in lieu of ‘‘active 
power’ and adopt some other term for reactive 
power (quadro is suggested to me by the symbol Q). 
‘‘Apparent power”’ is still a source of trouble and 
should be replaced by some other term. 


According to A.I.E.E. Standard, ‘‘Letter 
Symbols for Electrical Quantities’ (17g1), 
A and S are available for assignment as 
symbols. A is readily adaptable as the 
symbol for active power in suggestion 1 
above. 

Power Active Power + j Reactive Power 
ve A + jQ 

For active power the symbol A could 
nicely represent apparent power, although 
the letters VA are quite suitable: 
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Apparent Power Power + j Quadro 
VA A= P +jQ 
I further wish to indicate that I favor the 
convention watts + 7 vars to represent ac- 
tive power and leading reactive power as 
tentatively adopted by the committee. 
Very truly yours, 
Frep B. Irwin (A’31) 
(1480 Hawthorne Avenue, 
Portland, Oregon) 


The Way Out 
of the Depression 


To the Editor: 

In response to the invitation to discuss 
the article ‘‘Progress Is the Way Out of the 
Depression” by Mr. A. W. Berresford in 
ELECTRICAL ENGINEERING for December 
1931, I am sending the following: The first 
paragraph contains a statement about the 
depression that seems extraordinary for an 
engineer to make. ‘‘There is little of value 
at the moment in attempting to isolate and 
correct the major causes.’”’ Can we imagine 
this attitude applied to any engineering 
work? Can we imagine an engineer saying 
that there is little value in trying to isolate 
the causes after a bridge or a dam failure? 
Can we imagine an engineer saying, after a 
bridge failure, that the causes will gradually 
emerge as time provides a perspective? 
To be sure, study of the causes will not re- 
build the bridge, but it may prevent a second 
failure. 

If the solution is left to time, we are 
likely to see the economic and social errors 
that produced the dark ages repeated; in 
fact, much of the “quantity of understand- 
ing’’ which Mr. Berresford says has in- 
creased so much within the last 18 months 


seems to be a reversion to the errors refuted 


by the economists of the last 200 years. 

“The mere fact that stabilization of em- 
ployment is economically dependent upon 
controlled production, and consumption de- 
pendent upon stabilized employment, will 
unite all elements in a common demand for 
that solution.”” This statement forms the 
basis of many of the popular fallacies, 
chiefly because it is so plausible. But na- 
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ture has decreed otherwise. As long as the 
farmer does not know whether he will get 
10 bushels or 40 bushels when he plants an 
acre of ground, stabilized production is im- 
possible. To attempt stabilization prob- 
ably will cause greater instability. 

Consider a state with industrial activities 
stabilized to the greatest possible extent. 
Each company has its quota of production 
with the men for whom it is responsible. 
Now nature produces an unexpected crop, 
25 per cent greater than the farmers had 
planned. This leaves a surplus for next 
year, so that there should be a reduction of 
25 per cent in the number of men on the 
farms for the next year. With every in- 
dustry stabilized where are they to go? 
Instead there is an unemployed surplus of 
men on the farms with resulting distress and 
reduced purchasing power. This in turn 
affects the industries, reducing the possi- 
bility of employment, and consuming re- 
serves if any have been accumulated. The 
attempt to maintain stability is an attempt 
to thwart economic laws; but the laws will 
win and worse troubles develop. 

What we need is flexibility, not stability. 
We need a mobile labor force as well as 
flexibility of management. We need in- 
dustries that can increase or decrease their 
working forces according to conditions, and 
we need an economic inducement to make 
them increase and decrease at the right time 
for the public good. 

One simple inducement which can be 
applied without much change in the present 
economic structure consists of an expansion 
of the currency with falling commodity 
prices. When a surplus crop is produced, 
the currency should be expanded to hold a 
large part of this crop over for a future year. 
The expansion of currency will result in 
stimulating industrial demand so as to pro- 
vide jobs for the farm help released by the 
excess crop. This is only one step, and it 
will not prevent unemployment or business 
depressions altogether, but it is a step in the 
right direction. A more important step is 
the reorganization of education; but that is 
too complicated a problem to discuss here. 
The important thing to keep in mind is that 
whatever action is taken, it should be to 
provide greater flexibility, to make it easier 
for men to change from one kind of work to 
another as conditions change. It should 
tend to break the ties that now too strongly 
bind men to the jobs where they long have 
worked. 

Very truly yours, 
A. W. Fores (A’12) (Forbes 
and Myers, 172 Union St., 
Worcester, Mass.) 


Paralleling 
Rotor and Stator 


To the Editor: 

In the March issue of the ELECTRICAL 
ENGINEERING appeared an article based 
upon an interesting paper by Conrad and 
Warner: “Induction motors with parallel 
rotor and stator.’’ The synopsis of the com- 
plete paper points out that ‘“‘this method of 
operation was new'to the authors and to sev- 
eral eminent induction motor designers and 
as no reference has been found to others em- 
ploying this principle...’ ete. In connec- 
tion with this statement, it may be of some 
interest to both authors and readers, to learn 
that the same subject has been covered in the 
Archiv fuer Elektrotechnik, v. 20, 1928, 
p 162, by Tolwinsky and Hochberg (Lenin- 
grad) in a paper (German): ‘‘Asynchron- 
ous operation of a three phase induction 
machine with stator and rotor connected 
to the same supply system.” 


The information (theoretical develo 
ments and experimental results) containe 
in the German paper is supplemented by 
few valuable remarks concerning the pra 
tical application of the principle involve 
After pointing out the disadvantage of tl 
low power factor at small loads, the Russia 
authors emphasize the fact that the supe 
position of a low-frequency current wave c 
the power supply system currents will | 
rather undesirable in so far as it will cau: 
flickering of lights connected to the sam 
system. As a consequence it must | 
feared that public utilities may prohib 
application of said principle to moto 
connected to their power systems. 

Very truly yours, 

A. VAN NIEKERK (A’24) 
(Designing Engr., Westin; 
house Elec. & Mfg. Co., 
E. Pittsburgh, Pa.) 


Mechanical Analogs 
of Electric Circuits 


To the Editor: : 

The use of electrical analogs for mechani 
cal systems is based on definite analogie 
of form between the mathematical eque 
tions which describe the behavior of ead 
type of system. The design of a mechanics 
phonograph (see ‘‘Methods of High Qualit 
Recording and Reproducing of Speech ani 
Music, Etc.,” J. P. Maxfield and H. C. Har 
rison, Bell Sys. Tech. Jl., v. 5, July 1926, p 
493) by electrical engineers some years ag 
apparently gave an impetus to the use 0 
electrical analogs, although there has bee 
comparatively little written on the subject 
Skilling (see ‘‘Electric Analogs for Difficul 
Problems,” H. H. Skilling, ELecrricar EN 
GINEERING, Nov. 1931, p. 862-5) has shows 
an application in a particular problem anc 
has outlined some of the important ad 
vantages of the use of equivalent electri 
circuits. 

The opposite process—use of mechanica 
analogs for electric circuits—does not appea 
to offer comparable advantages, particularl: 
as far as circuit theory and ease in deter 
mining experimentally the action of a system 
are concerned. In certain cases, however 
mechanical concepts may be of assistance ti 
the electrical engineer. Several instance 
are cited below. | 

Consider Newton’s Law of Motion | 


dG 
ae 
where 


F is the vector resultant of the forces acting on 4 
the particles of a mechanical system 
G is the vector sum of the momenta of all the pa 
ticles. 


If F = 0, then G is constant, which is th 
well-known law of the conservation . 
linear momentum. 

The electrical analog of momentum (may 
times velocity) is magnetic flux linkages (is) 
ductance times current) and the equivaler 
of the mechanical law is the electrical p 
ciple that in a circuit or group of circuits | 
which the resistance is small the flux lin| 
ages remain constant (approximately) whé 
the forces (e.m.f.’s) are withdrawn, as ‘ 
short circuit. (A capacitor gives rise to, 
force obeying Nooke’s law in the electri, 
mechanical analogy.) This principle | 
electric circuits has not been very wide 
used, so that a comparatively recent writ 
(see “Short- Circuit Currents of Synchrono! 
Machines,” R. F. Franklin, A.I.E.E. TRA j 
v. 44, 1925, p. 863-72) has felt it necessaf 
to refer toa proof. That this analog of 0 
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those laws of mechanics which are con- 
red most fundamental is an electrical 
ciple which has not been utilized by 
ineers for so very many years lends sup- 
t to the thought that mechanical laws 
prominent than the conservation of 
mentum may yet point out electrical 
iciples of value in particular cases. The 
gral developed by Carson and applied 
him to the analysis of electric circuits 
which the usual circuit laws (Kirchoff’s 
S) were not readily applicable has been 
wn to have been used in equivalent me- 
nical form before electric circuits were 
wl. 
bxperience indicates that most students, 
luding those with some advanced train- 
, consider work and kinetic and potential 
rgies from the mechanical viewpoint, 
ticularly when they understand the elec- 
-mechanical analogy. Thus work is 
*e times distance, hence e.m.f. times 
rge, while kinetic energy is '/2 mv? for a 
ticle, hence 1/. Zi? for a simple series 
uit, etc. The magnetic energy is not 
ays called kinetic energy, and the elec- 
field energy is not always called poten- 
energy, but it is of advantage to under- 
id the analogy when for example the 
ion of a system involving both electric 
| mechanical circuits such as a telephone 
iver is analyzed. (See ‘“‘Theory of 
ephone Receivers,” R. L. Wegel, A.I.E.E. 
NAL, v. 40, 1921, p. 791-802. In this 
er the total kinetic energy of an electro- 
*hanical system is set up and used in the 
rangian equations to analyze the sys- 
..) The use of many advanced dynami- 
principles (Lagrange’s equations for 
mple), which are usually equally appli- 
le to electric circuits, requires the setting 
of expressions for the total kinetic and 
ential energies of the complete mechani- 
electrical, or electromechanical system. 
should be noted that the possibility of 
lication of these mechanical principles to 
e electric or electromechanical systems 
y be ascribed to the (formal) equiva- 
‘e of mechanical for electric systems 
ier than vice versa. 
nother conceivable case in which known 
‘hanical principles might be used is in 
nection with the equilibrium and sta- 
ty of an electromechanical system. The 
‘hanical principles now available should 
ice if need arises. 
lone of the above examples is very im- 
tant in itself. They have been offered 
ply to illustrate some of the advantages 
ye derived from the consideration of me- 
nical ‘“‘circuits’”’ as analogs of electric 
uits. 
Very truly yours, 
J. G. BRAINERD (A’32) (Moore 
School of Electrical Engi- 
neering, University of Penn- 
sylvania, Philadelphia, Pa.) 


1ior Engineers 
lan Industrial Projects 


the Editor: 

he article ‘‘Junior Engineers Plan In- 
trial Projects’ appearing in the July 
2 issue of ELECTRICAL ENGINEERING, Pp. 
is of considerable interest. 

he procedure of the program described 
he article should be of interest to all 
abers of the Institute Sections and 
nches. There can be no doubt that the 
mization of the junior members within 
r respective local branches will produce 
active continued interest among the 
ng members. 

he forming of these hypothetical com- 
ies and the solution of the problems 
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involved should give the junior engineer an 
invaluable practical experience, as well as a 
chance to show his initiative and ability 
when confronted with a definite responsi- 
bility. 

Local firms and public utility organiza- 
tions, also elder members of these concerns 
or Institute Sections, should cooperate 
with the junior groups in offering their 
criticisms, suggestions, and experience. 

This, then, is a very definite step in 
demonstrating to the junior engineer or 
graduate in what line of specialization he is 
more recommended, as well as forming 
a fraternal bond between the junior member 
and the profession. 

Very truly yours, 
Harry A. Erxin (A’26) 
(520 McClellan St., Philadel- 
phia, Pa.) 


Consumption, 
Production, Distribution 


To the Editor: 

In the progress report of American 
Engineering Council (‘‘The Relation of 
Consumption, Production, Distribution,”’ 
ELECTRICAL ENGINEERING, June 1932, p. 
373-9), it seems to be assumed that savings 
have been too great. As a check on this 
theory I tried to secure the best data that I 
could find on the actual savings of the 
country, and have plotted the values in a 
curve, Fig. 1. This curve shows an esti- 
mate of the actua! total volume of property, 
which is the actual measure of savings, as 
estimated by the U.S. Census and by the 
National Industrial Conference Board. 
I have corrected the figures for increase in 
population and for the change in the value 
of the dollar, giving the result in figures 
that are supposed to represent actual 
property, not dollars. It is plotted to a 
logarithmic scale so that the same slope of 
the curve indicates the same rate of increase 
at any point on the curve. 

Of course the figures are not accurate. 
No one can tell just how much property 
you or I have, and no one can tell exactly 
the relative value of the dollar in times 50 
years apart. But the figures are honest 
efforts to give comparable data, and the 
big differences shown leave us quite sure 
that they do represent a real change. 
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Fig. 1. Per capita wealth of the United 

States expressed in index numbers. The 

scale is so selected that the slope of the line 

is the same at all positions if the per cent 
increase is the same 


First we see that the decade of the civil 
war was a time of slow increase in wealth, 
as would be expected. There was another 
slow rate of increase at the time of the 1893 
depression, whether cause or effect is hard 
to tell. But the slowest rate of all has been 
the last few years. Unfortunately both 
recent figures include the period of the war, 


but the fact that both the latest figures of 
the census and the National Industrial 
Conference Board agree so closely would 
lead us to think that increase of wealth has 
not yet made its normal start, after the war. 
Modern machines are expensive, and 
modern industry cannot operate without a 
greatly increased volume of capital. It is 
impossible to tell how much of the wealth 
shown by the curve is capital, but this 
failure of wealth to make a normal increase 
leads to the natural conclusion that capital 
has also failed to make its increase, and 
without this increase industry cannot 
function properly. This is merely one fact 
that supports the conclusion that one 
major cause of the present troubles is a 
shortage of capital. Therefore any method 
toward relieving the depression must be 
watched to see that it does not cause any 
further drain upon savings and capital. 
If it does it will probably cause more harm 

than good. 

Very truly yours, 
A. W. Forges (A’12) 
(Forbes & Meyers, Worcester, 
Mass. ) 


(Editor’s Note: This letter is the second by Mr. 
Forbes discussing the economic problems covered in 
American Engineering Council’s progress report.) 


Standards 
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Wires and Cables 


Three standards for wires and cables were 
approved by the American Standards 
Association on May 21, 1932, as follows: 
“American Standard Definitions and Gen- 
eral Standards for Wires and Cables” 
(C8a-1932); ‘‘American Tentative Standard 
Specifications for Weatherproof (Weather 
Resisting) Wires and Cables’ (C8k1-1932); 
“American Tentative Standard Specifica- 
tions for Heat Resisting Wires and Cables” 
(C8k2-1932). 

The first of these, the definitions and 
general standards for wires and cables, 
includes definitions and standards of a 
general character applicable to wires and 
cables for power purposes, and comprises a 
rearrangement of A.I.E.E. standard No. 30 
of October, 1928, which has been brought 
up to date with certain additions and 
deletions. It contains definitions for the 
various types of wires and cables, con- 
ductivity standards, designation standards, 
high voltage test standards, insulation re- 
sistance standards, capacitance or electro- 
static capacity standards, and maximum 
temperature limits. 

The specifications for weatherproof wires 
and cables (C8k1-1932) cover weatherproof 
wiring and cables and the materials used 
for coverings and saturating compounds as 
applied to metallic conductors. The speci- 
fications are divided into the following 
headings: covering; saturating compound, 
which includes the tests therefore; stranded 
cables, including sizes of conductors and 
the stranding therefore; standard weights; 
a table of weights and weatherproof wires 
and cables; samples for tests; tests on 
copper conductors; and explanatory notes. 
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The specifications for heat resisting wires 
and cables (C8k2-1932) cover the usual 
type of heat resisting covering commonly 
known as “slow burning’ as applied to 
metallic conductors for use in hot, dry 
locations where the other types of insulation 
would not long endure, or where the pres- 
ence of large masses of inflammable mate- 
rials would be objectionable. As explained 
in the standard itself, ““There are many 
types of heat resisting materials used for 
insulating electrical conductors, but no 
attempt is made in this specification to 
cover anything but the so-called ‘slow 
burning’ insulation. The various types of 
asbestos coverings and enamels are for 
special purposes and are generally put out 
under trade names.” 

Printed copies of these documents on 
wires and cables will be available in the 
near future. 


Radio 


Two new national standards for radio 
were approved by the American Standards 
Association on May 21, 1932, as follows: 
“Standard Vacuum Tube Base and Socket 
Dimensions” and “Manufacturing Stand- 
ards Applying to Broadcast Receivers.” 
These standards were developed by the 
sectional committee on radio working under 
the procedure of the American Standards 
Association, with the Institute of Radio 
Engineers and the A.I.E.E., the directing 
sponsors. 

The first of the standards applies to cer- 
tain details in the manufacture of broadcast 
receivers, which it is desirable to have 
uniform in the sets of all manufacturers; 
the second standard specifies dimensions for 
many of the principal types of bases and 
sockets of vacuum tubes used in both re- 
ceiving and transmitting. The types of 
base covered in the standard are 4-pin 
bases of the large and small type; large 
4-pin base without bayonet pin; large 5-pin 
base without bayonet pin; 4-pin trans- 
mitting tube base; large transmitting 
tube base: 4-pin sockets for receiving 
tubes; and 5-pin sockets for receiv- 
ing tubes. The standard also specifies 
dimensions for terminal caps for both re- 
ceiving and transmitting tubes and for 
connections between the tube elements and 
the pins. 

The manufacturing standards applying 
to broadcast receivers establish a national 
standard for the frequency range of receivers 
from 550 ke. (545.1 m.) to 1,500 ke. (199.9 
m.). The rating and design of socket- 
power devices and electric radio receivers 
are to be standardized for operation on 
from 105 to 125 volts. A standard test for 
quality of soldering of cord tips or terminals 
to radio cords also is provided. This test 
is a straight pull of 5 lb. applied to the cord 
tip or terminal. Other details for which 
standard dimensions are established are 
cord tips, binding posts, cable terminals, 
radio plugs and jacks, and pilot lamps. 
There also are standard definitions for the 
various parts of radio receivers. Informa- 
tion with regard to these standards may 
be obtained from the American Standards 
Association, 29 West 39th Street, New 
York, N. Y. 
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Code for 
Protection Against Lightning 


The sectional committee for the code for 
protection against lightning, working under 
the procedure of the American Standards 
Association and the sponsorship of the 
A.J.E.E. and the National Bureau of 
Standards, has completed a revision of 
parts I and II of the code. The original 
code was printed as “Miscellaneous Publi- 
cation No. 92 of the Bureau of Standards,” 
and information with regard to the pro- 
posed revision may be obtained from the 
chairman of the sectional committee, 
Dr. M. G. Lloyd, Bureau of Standards, 
Washington, D. C. 


Proposal Made for 
Emergency Lighting Code 


The National Electrical Manufacturers 
Association has asked that consideration 
be given by the American Standards 
Association to the preparation of a code for 
emergency lighting. It states that for some 
time their codes and standards committee 
has been considering codes for lighting 
systems designed to insure adequate illu- 
mination for emergency use in such places 
as theaters, hospitals, schools, and other 
buildings. While there are many state 
and municipal codes governing such in- 
stallations, there is little uniformity among 
them. At various times attempts have been 
made to incorporate rules governing these 
installations in the National Electrical 
Code and the National Electrical Safety 
Code. This proposal of N.E.M.A. now 
will go before the standards council of the 
American Standards Association. 


Test Code 


for Transformers 


The standards committee of the Institute 
has asked that attention be called again to 
the ‘‘Test Code for Transformers.’’ This 
code, which is the first of a proposed series 
of test codes covering electrical machinery 
and apparatus, has been out in its pre- 
liminary form for criticism and suggestion 
since October 1931. 

In order to determine the performance 
characteristics of electrical machines, meth- 
ods of testing have been developed and are 
in common usage. It is the purpose of these 
test codes to provide in convenient form 
the more generally applicable and accepted 
methods ,of conducting and reporting tests 
of a commercial nature and applying to the 
fulfilment of performance guarantees. In 
general the reception of this code has been 
favorable. Suggestions of a helpful nature 
have been received and the committee 
hopes this notice will result in a final clearing 
up of any debatable points so that publica- 
tion in final form may be undertaken 
shortly. Copies of the preliminary report 
on the code may be obtained without 
charge. Address all communications to 
A.I.E.E. headquarters, 33 West 39th Street, 
New York, N. Y. 
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JOSEPH SLEPIAN (A’17, F’27) consultins 
research engineer of the Westinghoust 
Electric and Manufacturing Company, Eas 
Pittsburgh, Pa., upon June 138, 1932 re 
ceived the John Scott Medal for his “dis 
coveries in the field of the deionization o} 
gases and fundamental and outstanding 
inventions involving these discoveries.’ 
This award carries with it besides the meda| 
and certificate, a premium of $1,000 cash) 
it was presented to Doctor Slepian with due 
ceremonies at the Union League Club of 
Philadelphia. The award was established 
by John Scott, a chemist of Edinburgh, 
Scotland, who in 1816 bequeathed to the 
city of Philadelphia a fund of $4,000, th 
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income from which was ‘‘to be distributed 
to ingenious men and women who mak 
useful inventions....” After the fund 
had grown to $100,000 in 1917, court orders 
enlarged its use and specified that the pre. 
miums should be awarded “for inventions 
that will be useful to mankind in the de. 
velopment of chemical, medical, and any 
other science, or development of industry 
in any form; the test being that it may add 
to the comfort, welfare, and happiness of 
mankind.” Doctor Slepian is a Bostonian 
by birth; his degrees of A.B., A.M., and 
Ph.D. were all won at Harvard University, 
the last one being conferred upon him in 
1913, with mathematics his majoring sub- 
ject. The winter of 1913 was given over to 
a semester at Gottingen University, Ger- 
many, and the following spring, to a semes- 
ter at Sorbonne University, Paris, France. 
For a year he was instructor in mathematics 
at Cornell University, and in 1916 he joined 
the Westinghouse Company’s East Pitts. 


JOSEPH SLEPIAN 


burgh force as an apprentice. His pro 
motion to research engineer took place th 
following year, and in this and in a consult 
ing capacity he has rendered exception 
service to his company. His conspicue 
work upon circuit interrupting devices a ft 
his use of the unique principle of deioniz4i 
tion in the destruction of powerful an) 
violent electric arcs have been importaty 
contributions to the field of electric powd 
transmission and distribution. 
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(. L. Wits (A’20) assistant to the vice- 
ident, and also general manager, of the 
rgia Power Company, Atlanta, Ga., 
ticipated in the A.I.E.E. 1931 national 
e for best paper in €ngineering practise 
rded the symposium on coordination of 
er and telephone plant, composed of 4 
ts of which the paper, “Status of Joint 
relopment and Research on Noise 
quency Induction,’”’ by Messrs. Wills and 
ckwell was a part. Born in Burlington, 
_ he started an apprenticeship in the 
shinist’s trade at the early age of 14. 

next undertaking was in the capacity 
transitman for the Wisconsin Central 
lroad. By 1885 he was assistant to the 
rating engineer of the Schuyler Arc 
ht Plant, and from that time on over an 
sanded period of years he continued to 
1 positions of increasing résponsibility. 
1902 he joined the Georgia Railway and 
ctric Company, at Atlanta, to assume 
rge of the meter and maintenance repair 
ps, a service which he continued for 6 
ts. During the latter portion of his stay 
h this company, he was directing these 2 
artments and also in charge of the con- 
ct department. His service as general 
nager of the Savannah Lighting Com- 
1y was from 1908 until 1912, when he 
ied his present company, the Georgia 
wer Company, as district manager, with 
ces at Macon, Ga. Upon consolidation 
his company with the Georgia Railway 
1 Power Company, he was transferred to 
anta, Ga., as special detail engineer. 
; long affiliation with the Georgia Power 
mpany has included the various duties of 
ident engineer on the Tallulah Falls 
velopment, rehabilitation of the under- 
und distribution system at Atlanta, Ga., 
trical engineer, electrical engineer and 
rating manager, and, since 1923, assis- 
t to the vice-president as well as general 
nager, negotiating company relations 
h other wire using companies on prob- 
is of inductive interference. Mr. Wills 
: been particularly active in the National 
ctric Light Association, and has served 
many of its committees. He is past- 
irman of the A.I.E.E. Section at Atlanta, 
., was its delegate to the fourth national 
io convention, and a member of the sub- 
nmittee on legislation in 1925. His 
er memberships include the Institute of 
dio Engineers, the International Associa- 
n of Electrical Inspectors, the executive 
nmittee of which he served for 2 years; 
. American Engineering Council, and the 
anta Chamber of Commerce. Mr. Wills 
s also a consultant with the committee on 
oke prevention. 


WV. S. Pererson (A’23, M’29) trans- 
sion system engineer of the municipal 
ter and power department, City of Los 
geles, Calif., has been awarded the 1931 
.E.E. Pacific District prize for best 
ser, the decision resting with his paper, 
alculation of Dynamic Power Limit of 
uusmission System During Three-Phase 
ults.’’ Mr Peterson was born at Ana- 
ida, Mont. He entered upon an elec- 
‘al engineering course at the University of 
lifornia, Berkeley, Calif., and was gradu- 
d with the class of 1917 with his B.S. 
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degree. He at once entered the test de- 
partment of the General Electric Company 
at Schenectady, N. Y., remaining there 
until 1919, when he engaged with the Ana- 
conda Copper Mining Company, Great 
Falls, Mont., for the operation and main- 
tenance of substations. In September of 
1922 Mr. Peterson started his work with the 
Los Angeles bureau of power and light, and 
in 1924 was transferred from the drafting 
room to the substation engineering de- 
partment, his work including design of 
substations and writing of specifications. 
After a year of this work, he was advanced 
to research. Here his first work was the 
preparation of a report on the high voltage 
power system for the City of Los Angeles, 
which constituted the first step in the de- 
sign of the system to receive the Colorado 
River power. Concurrently with this work, 
he was supervising the investigation of con- 
ductor movements during short circuits, 
the basis of a paper in joint authorship 
with H. J. McCracken, Jr. (A’27) and for 
which they received the 1927 national ini- 
tial paper prize. Mr. Peterson also is serv- 
ing as secretary of the technical committee 
of the bureau of power and light of the City 
of Los Angeles. His research work on the 
performance of insulators in dust and fog 
and also with regard to measurement of 
corona loss were carried on at the H. J. 
Ryan High Voltage Laboratory at Stan- 
ford University, in collaboration with Dr. 
J. S. Carrouy (A’24) assistant professor of 
electrical engineering at Stanford Uni- 
versity, and Brapiey Cozzpns (A’28) 
research engineer of the Department of 
Water and Power, City of Los Angeles. 


O. B. Briackwe.tt (A’08, F’17) now 
transmission development engineer of the 
American Telephone and Telegraph Com- 
pany, New York, N. Y., shared in the 1931 
A.I.E.E. national prize for best paper in 
engineering practise, for the paper which he 
prepared jointly with H. L. Wms (A’30) 
and which was entitled “Status of Joint 
Development and Research on Noise Fre- 
quency Induction,” being an integral part of 
the symposium on coordination of power and 
telephone plant to which the prize was 
awarded. 

Mr. Blackwell who was born at Bourne, 
Mass., in 1906 received his B.S. degree 
from Massachusetts Institute of Tech- 
nology. Heat once entered the engineering 
department of the American Telephone and 
Telegraph Company, and in 1915 was 
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O. B. BLACKWELL 


placed in charge of transmission and pro- 
tection, a subdivision of the department. 
Here he was given the supervision of some 
40 technically trained men on important 
development and standardizing work of 
telephone transmission and protection cir- 
cuits. By his collaborators Mr. Blackwell’s 
work always has been recognized as uni- 
formly of the highest grade—in fact it has 
won recognition for him throughout the 
entire telephone world. For a period of 
more than 7 years much of his work was 
looking toward the extension and better- 
ment of telephone transmission through 
the use of loading coils, improved cable 
construction, telephone amplifiers, and 
similar electrical equipment. Illustrative 
of his work is the design of a standard 
transposition system for lines carrying 
phantom circuits, important work on the 
development of duplex telephone cables, 
and contributions of great importance to the 
successful use of telephone repeaters on 
long lines. He is a Fellow of the Institute 
of Radio Engineers and of The Acoustical 
Society of America; he also holds member- 
ship in the Machinery Club of New York 
City, the Manhassett Bay Yacht Club, and 
the North Hempstead Country Club. 


H. L. Huser (M’28) engineer on foreign 
wire relations, American Telephone and 
Telegraph Company, New York, N. Y., who 
prepared the paper, ‘‘Status of Cooperative 
Work on Joint Use of Poles,” in joint 
authorship with J. C. Martin (A’12) 
participates in the 1931 A.I.E.E. national 
prize for best paper in engineering practise, 
which has been awarded the symposium on 
coordination.of power and telephone plant. 
Mr. Huber is a native of the state of 
Colorado, and a graduate of Mercersburg 
Academy and Cornell University. In 1913 
he became plant engineering inspector for 
The Chesapeake and Potomac Telephone 
Company, Washington, D. C., designing 
its outside plant, preparing estimates, 
writing specifications, and doing construc- 
tion work. In 1915 he became engineering 
assistant in the company’s general engi- 
neering department, checking high tension 
line construction at crossings, and studying 
inductive interference and mechanical prob- 
lems in connection with telephone line 
construction. In 1917 he was made district 
plant engineer in charge of laying out the 
outside telephone plant at Camp Meade 
and the Aberdeen Proving Grounds. De- 
cember of that year he joined the U.S. 
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Signal Corps, and for the last half of 1918 
as Ist lieutenant, was locating long distance 
telephone pole lines in France. In July 
1919 he was back in the United States as 
division plant engineer in West Virginia 
for The Chesapeake and Potomac Tele- 
phone Company, and associated companies 
in charge of planning, estimating, and 
writing specifications. The next year he 
became engineering assistant in the com- 
pany’s general engineering department, 
which office he continued to hold until 
1925 when he was made appraisal engineer. 
His history with the American Telephone 
and Telegraph Company dates from 1927. 


ERNST WEBER (A’31) visiting professor 
of electrical engineering, Polytechnic Insti- 
tute of Brooklyn, N. Y., has been awarded 
the 1931 A.I.E.E. national prize for initial 
paper, for his paper ‘‘Field Transients in 
Magnetic Systems.’”’ Doctor Weber was 
born at Vienna, Austria, and received his 
diploma as engineer from the Technical 
University in Vienna, April 1924; 2 years 
later his Ph.D. was conferred upon him 
by the same institution. In 1929 he earned 
what is termed “Privat dozent”’ (extraor- 
dinary professorship) at the Technical 
University at Berlin-Charlottenburg in the 
department of electrical engineering. After 
graduating in 1924 he was research engineer 
for Oesterreichische Siemens-Schuckert- 
Werke at Vienna in the department of 
electrical machine design. He then went 
with the Siemens-Schuckert-Werke in Berlin 
as research engineer in the electrical ma- 
chinery department and continued there 
until 1930 when he came to the United 
States. Here he took up his present work 
at the Polytechnic Institute of Brooklyn 
in postgraduate lectures on electromagnetic 
theory, advanced circuit theory, and con- 
formal mapping of high voltage problems. 
In September of 1931 he was made research 
professor of electrical engineering, still 
continuing with postgraduate lecturing, 
adding “higher mathematical analysis and 
its application’”’ to his other subjects of dis- 
course. 

Doctor Weber is a member of the Vien- 
nese Institute of Electrical Engineers 
(1923); the Berlin Society of Applied 
Mathematics and Mechanics (1929) and 
Institute of Electrical Engineers (Germany) 
(1930). Only recently has become a mem- 
ber of the American Physical Society. He 
has been an abundant contributor to tech- 
nical literature both here and abroad. 


L. V. BEwey (A’27) of the power trans- 
former department, General Electric Com- 
pany, Pittsfield, Mass., has been awarded 
the 1931 A.I.E.E. national prize for best 
paper in theory and research, for his paper 
“Transient Oscillations in Distributed Cir- 
cuits With Special Reference to Transformer 
Windings.”’ Born at Republic, Wash., 
Mr. Bewley attended grade and, high 
schools at Boise, Idaho. During the war, 
he left high school to serve as a machine 
gunner, spending 19 months out of the 28 
he was in service, in France. Upon his 
return to the United States he entered the 
University of Washington and in 1923 re- 
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ceived his B.S. in E.E. He joined the 
General Electric Company’s test course, 
its 3-year advanced course in engineering, 
and the Union College G.E. cooperative 
course, receiving from the latter in 1927, his 
M.S. degree. Mr. Bewley’s work has in- 
cluded design of induction motors, high- 
voltage bushings, synchronous converters, 
a-c. generators and motors, coupling ca- 
pacitors, and power transformers. For the 
past few years he has been engaged with 
special problems of semi-theoretical and 
mathematical nature, and for the past6 years 
in the General Electric evening courses he 
has taught advanced circuit theory (Max- 
well, Heaviside, symmetrical components, 
system stability, etc.). He has contributed 
liberally to the Institute’s literature, both 
with regard to technical papers and active 
discussion. He still holds a captaincy in 
the U.S. Engineers Reserve Corps. 


V. A. Hoover (A’32) has received the 
1931 A.I.E.E. Pacific District prize for 
initial paper, the decision being based upon 
the high quality of his paper entitled ‘‘Cor- 
relation of Induction Motor Design Fac- 
tors.’ At the present time Mr. Hoover is 
engaged in the duties of a research assistant 
at the California Institute of Technology, 
where he is associated with Dr. S. J. Bar- 
nett, professor of physics, in special work 
on the nature of the elementary magnet in 
cobalt and nickel alloys. Under Dr. R. W. 
SORENSEN (A’07, F’19) he also has been a 
teaching fellow in the institution’s depart- 
ment of electrical engineering. His Ph.D 
degree was conferred upon him by Cali- 
fornia Institute of Technology in 1931 upon 
the completion of a course in electrical en- 
gineering, physics, and mathematics, the 
culmination of an 8-year period of work, 
undergraduate and graduate. Mr. Hoover 
has acquainted himself with the practical 
side of the profession also by summer work 
with the Southern California Edison Com- 
pany, Ltd., at Los Angeles, Calif., where his 
duties were in connection with substations 
and meter testing, and by a part-time ser- 
vice with the U.S. Electrical Manufacturing 
Company of Los Angeles, as motor de- 
signer. His native city is Leadville, Colo. 


E. W. Patmrose (A’32) who for his paper 
“Vacuum Tube Voltage Regulators” has 
received the 1931 A.I.E.E. Pacific District 
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prize for Branch paper, was born in Finland. 
Upon graduation from the University of 
California, Berkeley, Calif., May 1931, he 
received his B.S.in E.E. His first practical 
work was as an apprentice machinist in the 
shops of the Hammond Lumber Com- 
pany, Samoa, Calif.; this occupied him 
from 1925 to 1928, when after a brief 
interim he became connected with the 
Pacific Telephone and Telegraph Company, — 
at Eureka, Calif. His position as drafts- 

man with the Southern Pacific Golden 

Gate Ferries, Ltd., San Francisco, Calif., 
dates from late in 1929, on part time until 

his graduation from the university in May 
1931, and full time beginning with June of 
that year; present activities include re- 

pairs to slips and wharves, the design of 

hydraulic bridge lifting machinery, parts 

for Diesel engines, steam condensers, and 

electric steering gear indicators for Diesel- 

electric ferries. The paper for which Mr. 

Palmrose was awarded the 1931 A.I.E.E. 
Pacific District prize for Branch paper was 

based upon the thesis prepared for his degree 

of B.S. in E.E. 


N. R. Damon (Enrolled Student) Uni- 
versity of Colorado, Boulder, Colo., and 
coauthor of the paper ‘“‘New Ideas for High 
Voltage Circuit Breakers’’ shares with 
C. A. CHurcH (Enrolled Student) in the 
award of the 1931 A.I.E.E. North Central | 
District prize for Branch paper. Mr. 
Damon is a native of Hollenberg, Kans. 
He received his high school education at 
Laporte and Cheyenne Wells, Colo., and 
his technical training at the University of 
Colorado, from which he was graduated } 
June 1931 with the degree of B.S. in E.E. 
His work at the present time is in graduate 
study and research at the University’ of 
Colorado, prerequisite to his master’s de- 
gree in electrical engineering June 1932. 
Mr. Damon and Mr. Church are also 
fraternity brothers in Tau Beta Pi, Eta } 
Kappa Nu, and Sigma Xi. 


| 


J. S. BRown (A’28, M’31) who was for- } 
merly engineer in the electrical division of I 
the Stone and Webster Corporation, Boston, |, 
Mass., and still earlier identified with engi- } 
neering projects of the firm of McClellan 
and Junkersfeld, Inc., and also that of 
Dwight P. Robinson Company, New York }) 
City, in responsible charge as electrical |) 
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yineer, assistant superintendent of con- 
uction in charge of field forces, and elec- 
sal construction superintendent, now 
; tentatively entered upon a consulting 
zineering practise of his own in electrical 
d industrial fields, at Petersburg, Va. 


. B. CRANE (A’28) previously with the 
io Edison Company’s Youngstown office 
assistant engineer, effective June 1, 1932, 
s transferred to its central engineering 
partment at Akron, a recently created 
rision for the coordination and standard- 
tion in engineering design, practise, and 
terials. 


R. H. Park (A’27), until recently an 
ctrical engineer with the Stone and 
ebster Engineering Corporation, Boston, 
ass., is now affiliated with the Calco 
iemical Company of Bound Brook, N. J., 
ere he is engaged in research in mathe- 
itical physics and the design of equip- 
nt. Mr. Park’s work with Stone and 
ebster included design and operating 
oblems in connection with various plant, 
ucture, and equipment projects handled 
that concern, particularly in connection 
th special analyses. 


A. E. KENNELLY (A’88, F’13, and past- 
esident) professor emeritus of electrical 
gineering at Harvard University, Cam- 
idge, Mass., on July 6, 1932, at a meeting 
Paris, France, was chosen vice-president 
the International Electrical Congress 
lich convened there July 4-12, and at 
lich approximately 1,300 delegates of 11 
tions discussed from the angle of pure 
ence electrical subjects of the day. 


S. P. Grace (A’08, F’21) assistant vice- 
ssident of the Bell Telephone Labora- 
‘ies, Inc., recently received from the 
liversity of Michigan the honorary degree 
Doctor of Engineering, and from Notre 
ume the honorary degree of Doctor of 
ws. (The announcement in ELECTRICAL 
IGINEERING, July 1932, p. 530, did not 
ite that the University of Michigan degree 
s an honorary degree.) 


W. D’A. Ryan (A’02) who has been 
‘ving the General Electric Company of 
henectady, N. Y., as director of its 
iminating engineering laboratory, re- 
itly was named consulting engineer of 
> company’s lighting section. 


V. A. HOOVER 
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R. A. Krasovec (A’31) whose work dur- 
ing the last several years has been that of 
chief electrician, U.S. Army Post, Mitchell 
Field, New York, N. Y.; electrician D. L. & 
W. Railroad, Hoboken, N. J., and of the 
New York Central Railroad, Cleveland, 
Ohio; chief electrician of the Lackawanna 
Anthracite Coal Mining Company, Van- 
dling, Pa., and from 1929-31, electrical fore- 
man of the Andes Copper Mining Company, 
Chanaral, Chile, S. A., now has joined the 
Corte Engineering Company of New York 
City, as sales engineer. 


W. M. Wit.iams (A’25) who has been 
serving Roth Brothers Company of Chicago, 
Ill., as electrical engineer, recently joined 
the Century Electric Company of St. Louis, 
Mo. 


A. A. ScHUHLER (A’19, M’27) who re- 
cently was sales engineer for the Connecti- 
cut Telephone and Electric Corporation, at 
Meriden, Conn., now is chief sales engineer 
of Stanley and Patterson, Inc., New York, 
NeY: 


C. E. Wuite (A’30) previously located at 
Salt Lake City, Utah, and at one time 
identified with the General Electric Com- 
pany’s general test work on electrical 
machinery, and with transformer engineer- 
ing design, now has joined the Ohmite 
Manufacturing Company of Chicago, IIl., 
as electrical design and production engineer. 
Mr. White is past-chairman of the A.J.E.E. 
Student Branch at the University of Utah, 
and past-assistant secretary of the Insti- 
tute’s Fort Wayne Section. 


W. B. Horxtins (M’20) who for the past 
2 years has served the Stone and Webster 
Engineering Corporation of New York, 
N. Y., as a vice-president, engineering 
manager, and a director, has tendered his 
resignation, effective June 30, 1932. 


C. L. Forrescue (A’03, F’21) who is 
consulting transmission engineer for the 
Westinghouse Electric and Manufacturing 
Company, East Pittsburgh, Pa., and a 
frequent contributor to A.I.E.E. technical 
literature, in both papers and discussion, 
has been chosen by The Franklin Institute 
to receive the Elliott Cresson Medal, for 
“his work in presenting theory and ap- 
plication of symmetrical components for 
studying balanced and unbalanced ac-c. 


W. R. DAMON 


circuits,’ the subject of a paper which he 
recently presented at a statistical meeting 
of The Franklin Institute, Philadelphia, Pa. 


H. C. Forses (A’25, M’30) who for the 
past 5 years has been research engineer in 
the electrical engineering department of the 
New York Edison Company, New York, 
N. Y., recently was appointed system 
engineer. Mr. Forbes’ history with the 
company dates from 1924 when he joined 
the electrical engineering department as 
assistant to the chief electrical engineer. 


W. B. CAMPBELL (A’30) who for the past 
year or so has been serving the Delta Star 
Electric Company, Chicago, IIl., as assistant 
engineer, now is assistant curator of motive 
power at the Museum of Science and 
Industry in Chicago, 


C. W. Apams (A’20) formerly manager of 
the carbon products division of the United 
States Graphite Company, of Saginaw, 
Mich., is now with the California Public 
Service Company, as its division manager 
at Fort Bragg, Calif. 


A. C. Bates (A’31) who was research 
assistant at Purdue University, West 
Lafayette, Ind., now is identified with the 
University of Pennsylvania at Philadelphia, 
Pa., as instructor in the department of 
mechanical engineering. 


K. W. Jarvis (A’25) who was radio 
engineer of the United States Radio and 
Television Corporation, at Marion, Ind., 
and who has served the Institute of Radio 
Engineers on several of its committees, 
now is assistant chief engineer of the Zenith 
Radio Corporation in Chicago, Ill. 


C. F. HirsHFe_p (A’05) chief of Detroit 
Edison Company’s research department and 
a manager of The American Society of 
Mechanical Engineers, recently was honored 
with the degree of Doctor of Engineering 
by Rensselaer Polytechnic Institute, Troy, 
IN NG 


J. L. McQuarrie (A’07, F’26) who has 
been serving the International Telephone 
and Telegraph Company, New York, N. Y., 
as a vice-president and chief engineer, has 
tendered his resignation and will retire 
from these connections. 


GERARD SworeE (A’99, F’22) president 
of the General Electric Company, New 
York, N. Y., was given the degree of 
Doctor of Science recently by Washington 
University, at St. Louis, Mo., his native 
city. 


F. A. Rocsrs (A’06, M’28) professor of 
physics and electrical engineering at Lewis 
Institute of Technology, Chicago, Ill., has 
been appointed dean of its engineering 
faculty. 


A. J. SmitH (A’22, M’29) who has been 
serving the General Water Works and 
Electrical Corporation, New York, N. Y., 
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as vice-president now has opened a consult- 
ing engineering office in Vancouver, B. C., 
Can. 


C. A. Rosrnson (A’11, F’22) who prior to 
becoming assistant vice-president of the 
Chesapeake and Potomac Telephone Com- 
pany was its chief engineer, recently was 
given the new office of general manager. 
His headquarters will be at Charleston, W. 
Va. For one year (1926-27) Mr. Robinson 
was chairman of the Institute’s Washington 
(D. C.) Section, and for 2 years (1927-29) 
was a member of its communication com- 
mittee. 


Rotr Atvune (A’ 25) previously associ- 
ated with the Standard Steel Car Com- 
pany, Hammond, Ind., as an electrical 
engineer, now is with the Chicago Great 
Western Railroad, Chicago, IIl., in like 
capacity. 


R. A. Connor (A’17) for the past year 
has been Pacific Coast manager of the 
National Electric Products, Inca manu- 
facturing division, Los Angeles, Calif.; now 
he is western manager of the Phelps Dodge 
Copper Products Corp., Inca manufactur- 
ing division, in the same city. 


P. pe G. BaLpwin (A’31) who last year 
was serving the RCA Photophone Inc., of 
Philadelphia, Pa., as installation and service 
engineer now is broadcast engineer of the 
WALR radio station at Zanesville, Ohio. 


NEWTON JAcKSON (A’14, M’17) electrical 
engineer for the Virginia Public Service 
Company, at Charlottesville, Va., has been 
transferred to the company’s office at 
Alexandria, Va. 


F. I. Lawson (A’22) assistant engineer of 
the division of hydroelectric and trans- 
mission engineering of the Pacific Gas and 
Electric Company, San Francisco, Calif., 
recently joined that company’s bureau of 
tests at Emeryville, Calif. 


H. H. Cox (A’08, M’27) of the depart- 
ment of water and power, Los Angeles, 
Calif., has been appointed to the executive 
committee of the Los Angeles Electric 
Club for the year 1932-33. 


F. J. BARTHOLOMEW (A’26) president of 
Electric Power Equipment, Ltd., Van- 
couver, B. C., is a director of the Vancouver 
Electric Club, for the current term of ser- 
vice. 


J. D. Ross (A’08, F’12) has recently 
received his reappointment to the office of 
superintendent of the city light department, 
Seattle, Wash., a service which he already 
has rendered that city over an extended 
period during consecutive years. 


S. E. Doane (A’89, F’12) consulting 
engineer, New York, N. Y., has received 
election as a vice-president of A. F. Hatch 
and Company, Inc., New York, N. Y., a 
reorganizing and refinancing body for 
firms in distress. 
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Obituary 


Wititiam Wotcotr Terrr (M’26) con- 
sulting engineer of Jackson, Mich., died on 
June 24, 1932, at the Doctor Cowie private 
hospital in Ann Arbor, Mich. Mr. Tefit 
had for many years been prominent in the 
power activities of Michigan and sur- 
rounding states, and many of the out- 
standing developments of this region are 
credited to him. He was born at Milbank, 
S. D., in 1882, receiving his B.S. in C.E. in 
1907 from the University of Michigan; in 
1930 he received the honorary degree of 
doctor of civil engineering from the same 
institution. In 1910 he married Ethel L. 
Foote, daughter of W. A. Foote, who with 
his brother founded the Consumers Power 
Company. He began his _ professional 
career in 1902, spending summers as a rod- 
man with surveying parties in electric 
railway construction, and later engaged in 
federal water power surveys until 1906. 
1907-8 found him as resident engineer for 
the construction of a hydroelectric plant at 
Superior, Mich. His first connection with 
the Fargo Engineering Company, Jackson, 
Mich., was in 1908; here he continued as a 
member of the firm until 1919, having 
complete supervision of work on a large 
number of dams, many of them important 
plants on what is now the system of the 
Consumers Power Company. During this 
period he invented the Tefft conduit spill- 
way which is claimed to reduce hydro- 
electric construction costs in some instances 
as much as 42 per cent. During the World 
War he investigated and reported to the 
government on water power possibilities in 
Michigan and Wisconsin. Continuing with 
offices in Jackson, he was consulting 
hydraulic and civil engineer for Hodenpyl, 
Hardy and Company between 1919 and 
1924, and from this latter date until 1928 
was vice-president and chief engineer of the 
Commonwealth Power Corporation and sub- 
sidiary companies, including the Consumers 
Power Company. In 1928 he entered pri- 
vate practise as a consulting engineer and in 
1929 rejoined the Fargo Engineering Com- 
pany as vice-president, in which office he 
continued until his death. Since 1930 he 
has been also president of the General 
Power Corporation. Mr. Tefft was the 
author of many technical articles, and a 
member of the American Society of Civil 
Engineers, The American Society of Me- 
chanical Engineers, Michigan Engineering 
Society (director), National Electric Light 
Association, the American Society of 
Military Engineers, the American Society 
for the Advancement of Science, and 
American Men of Science. He was a 
member of the American committee to the 


World Power Conference, and was president . 


of the board of trustees of Albion (Mich.) 
College. He was honored in 1929 by 
membership in Sigma Xi “for accomplish- 
ments in hydraulic engineering.” Mr. 
Tefft has been active in church work. The 
clubs of which he was a member include 
the Rotary, Torch, Jackson City, Jackson 
Country, Jackson Gun, and the Bras 
Coupe Hunting aid Fishing Clubs. 


RosBert BarRD WILLIAMSON (A’02, F’12 
for many years in charge of the Allis 
Chalmers Manufacturing Company’s divi 
sion on a-c. rotating machinery, at Mil 
waukee, Wis., died June 26, 1932. Mr 
Williamson, who was born at Smith’s Falls 
Ontario, Can., 59 years ago, was graduatec 
from Cornell University, Ithaca, N. Y., in 
1893. Two years of electrical constructior 
work was followed by 2 years as chief 
draftsman for the Canadian General Elec- 
tric Company. During the 3 years follow- 
ing 1897, while serving as an instructor in 
electrical engineering at Lehigh University, 
Bethlehem, Pa., the textbook ‘‘Alternating 
Currents’ was written with Prof. W. S. 
Franklin as coauthor. This book for a 
score of years was standard in leading engi- 
neering colleges. From 1899 to 1905 Mr. 
Williamson served as principal of the elec- 
trical engineering department of the Inter- 
national Correspondence Schools. In 1905 
he joined the Norwood, Ohio, plant of the 
Allis-Chalmers organization. His manner 
was quiet and unassuming and one which 
would inspire confidence immediately. The 
27 years during which he was a member of 
the engineering staff of the Allis-Chalmers 
Manufacturing Company included a period 
of great expansion in the electrical industry, 
marked by the adoption of machinery of 
ever increasing size; many machines de- 
signed under Mr. Williamson’s supervision 
have established world’s records for size 
and efficiency. He has been a frequent 
contributor to A.I.E.E. literature, has 
served on the board of managers and as a 
member of the following technical com- 
mittees: industrial and domestic power 
(1916-20); iron and steel industry (1916- 
20); power stations (1919-24); standards 
(1916-22); U.S. National committee of the 
International Electrotechnical Commission 
(1919-27); Edison Medal (1921-23); elec- 
trical machinery (1921-32); and the Lamme 
Medal committee (1980-32). He also 
served as the Institute’s representative on 
American Engineering Council (1924-25), 
Mr. Williamson was a member of the honor- 
ary scientific fraternity, Sigma Xi, the 
Engineers Society of Milwaukee, the Uni- 
versity Club, Westmoor Country Club, and 
a trustee of the Milwaukee Calvary Pres- 
byterian Church. 


Basi CONDON BatTTyE (M’21) the 
A.I.E.E.’s local honorary secretary for 
India with headquarters at Lahore, and 
chief engineer of the hydroelectric branch 
of the Punjab Public Works Department 
was killed in a motor accident which 
occurred May 16, 1932, near Batala, dis- 
trict of Gurdaspur, India. Although born| 
in Punjab, Colonel Battye received prac- 
tically all of his schooling in the various) 
preparatory institutions and colleges of 
Great Britain; this included a year at the 
Royal Military Academy at Woolwich, and 
a year and a half at the School of Military 
Engineering, at Chatham, England. Inj 
1908 at the age of 21 he became a lieutenant 
in the 53rd Railway Company of Royall 
Engineers, the next year advancing to) 
military assistant field engineer. In 1908 
stillin the English army, but working in a) 
civilian capacity, he took what was termed} 
“specialist training” with various firms in} 
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ngland. Again returning to the strictly 
ilitary field, he became officiating super- 
ising electrical engineer of the Military 
Vorks Department, with headquarters at 
imla, India. Following this he served as 
eputy assistant director general also at 
imla military headquarters. From 1910 
> 1914 his government loaned him to the 
unjab Public Works Department, where, 
S engineer-in-charge, he designed, con- 
tructed, and operated the Simla hydro- 
lectric and water works extensions. This 
rork was followed by a tour of Switzerland 
or the purpose of inspecting all hydro- 
lectric plants of importance in that coun- 
ry. November 1914 he was in command 
f the 21st Company, 38rd Sappers and 
Miners, of the Lahore Division in France; 
ere he organized the trench searchlight 
srvice. He was wounded in the early part 
f 1915, but upon recuperation returned to 
ction and became field engineer of the 
ahore Division, later in that same year 
eing made general staff officer, 3rd to Ist 
rade. In 1917 he became assistant engi- 
eer-in-chief, general headquarters, in 
harge of the forward transportation de- 
artment; in 1918, chief engineer, G. H. Q. 
efence scheme; and later that same year, 
eneral staff officer, Ist grade, 34th Divi- 
ion. During the war he was 7 times 
aentioned in military dispatches to En- 
land and in 1916 received the D. S. O. 
Jpon return to civilian life in 1919 he be- 
ecame engineer-in-charge of the Sutlej 
fiver hydroelectric project, then under 
ivestigation, with surveys to complete and 
esign and estimates to prepare. His 
onnection with the Punjab public works 
lepartment took him out upon many 
aissions of design and construction. It 
yas while on a company errand that he was 
atally injured in a motor crash. He was 
n associate member of the British Institu- 
ion of Civil Engineers and the Institution 
f Electrical Engineers, and also-of the 
\merican Society of Civil Engineers. 


ARCHIBALD JOHNSON RoBeERTSON (A’16) 
ubstation manager for the Mt. Whitney 
ivision of the Southern California Edison 
Sompany, Ltd., at Visalia, Calif., died 
uddenly June 13, 1932, in that city. 
$orn in Cleveland, Ga., September 19, 
876, he spent the period 1894-98 in at- 
endance at Georgia School of Technology 
t Atlanta. His first commercial work was 
vith the Fulton Bag and Cotton Mills in 
hat city; but he remained with these 
aterests for less than a year and in 1899 
opined the Hardy Tyne Manufacturing 
Sompany at Birmingham, Ala. Later in 
he same year he became operator of various 
ydroelectric plants of the Mt. Whitney 
ower and Electric Company (subsequently 
unit of the Edison system). His affiliation 
7ith this company continued unbroken 
ip to the time of his death. 


Henry LYLEs ZABRISKIE (A’03) who has 
een serving the Diehl Manufacturing 
‘ompany, of Elizabethport, N. J., as chief 
ngineer, died the evening of July 10, 1932. 
fe was born in New Baltimore, N. Y., 
anuary 26, 1877; from Cornell University, 
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in 1898, he won his degree of M.E. in E.E. 
This, however, was 2 years subsequent to his 
first practical professional work when he 
served the Excelsior Electric Company of 
Brooklyn, N. Y., in its drafting and testing 
departments. For a short period he was 
with the Fort Wayne Electric Company 
(Indiana), as assistant to the electrical 
engineer, and upon leaving this company in 
1899, he became assistant electrical engineer 
for the Siemens and Halske Electric Com- 
pany, of Chicago, Ill. Here he remained 
until late in the year 1900, when he joined 
the New York Transportation Company, 
New York, N. Y., first in its electrical 
engineering department, and later becoming 
treasurer. His record with the Diehl 
Manufacturing Company covers a period of 
more than 25 years, always in the office of 
chief engineer. He was a member of the 
Institute’s electrical machinery committee 
1926-27, 1928-31. 


RicHMOND TaLsor (A’02 and Life Mem- 
ber) who has been a member of the firm 
of Sanderson and Porter, an engineering 
concern of New York City, died at his home 
in Tuxedo, N. Y., May 26, 1932. He was 
59 years of age and a native of New York 
City. After a primary education obtained 
in the Cutler private school of New York 
City, Mr. Talbot attended the Philips 
Exeter Academy, later graduating from 
Harvard University with the class of 1896. 
For about a year thereafter he was asso- 
ciated with the Marsh Plate Glass Com- 
pany of Pittsburgh, Pa.; then he returned 
to New York City to become a member of 
the firm of Sanderson and Porter, at that 
time active in electric lighting and railway 
design, construction, and operation; hy- 
draulic development, and transmission. In 
1899 in addition to his duties with Sanderson 


and Porter, he took over the general 
managership of the Tuxedo Electric Light 
Company, at Tuxedo, N. Y., his place of 
residence. In his Sanderson and Porter 
affiliation he was associated with many 
important public utility and industrial 
activities organized and built up by his 
firm, and with their management and 
operation. His social clubs included the 
Union, Racquet and Tennis, New York 
Yacht, City Midday, Harvard (N. Y.), St. 
Nicholas Society, Tuxedo, and the Harvard 
Club of Boston. 


FRANK Haye (A’31) electrical mechanic 
of the Industrial Electric Motor and Tool 
Company, Inc., New York, N. Y., died 
suddenly June 9, 1932, in New York, N. Y., 
of heart failure. He was born in Tettnang, 
Germany, March 8, 1903. He attended a 
trade school, studying electrical engineering, 
in Munich, becoming an electrical mechanic. 
From 1917 to 1920 he served an apprentice- 
ship in his native town; then early in 1921 
he engaged as mechanic with a firm in 
Friedrichshafen, Germany. This experi- 
ence which was of short duration was fol- 
lowed by 2 years as electrician helper for a 
number of local business interests in 
Munich, Germany. The first of the year 
1923 found him engaged as electrical 
mechanic for Mittlere Jsar A. G., Munich, 
where he remained until the fall of 1924 
when he became salesman of tools, for 
commercial interests at Koenigsberg e. P. 
The following fall he went to Stockholm, 
Sweden, as electrician for Werdenhoffs 
Elektriska Aktiebolag, serving in this 
capacity with this and another firm until 
March 1927 when he came to the United 
States and engaged with the company with 
which he was connected at the time of his 
death. ; 


Local Meetings 


District No. 6 Holds 
Annual Student Conference 


In attendance at the sixth annual con- 
ference of student branches held by the 
Institute’s North Central District (No. 
6) April 15 and 16, 1932, at the University 
of Denver, Denver, Colo., were 73 members, 
delegates and other interested parties, most 
of whom took part in the many active dis- 
cussions. Two sessions of the conference 
were held, one Friday afternoon, and one 
Saturday morning, both presided over by 
District Vice-President P. H. Patton of 
Omaha, Neb. Friday evening, April 15, 
the delegates to the conference were guests 
of the Denver Section at dinner, following 
which Dr. Charles A. Lory, president of the 
Colorado State Agricultural College, Ft. 
Collins, addressed the group on the subject 
of “Rural Electrification,” a subject of 
local and timely interest which aroused ex- 


tensive discussion. At the Friday after- 
noon session, the following papers were pre- 
sented: 


DETAILED REPORT ON THE 1931 ANNUAL SUMMER 
ConveNTION, by H. F. Rice, student counselor, 
University of North Dakota Branch, and M. S. 
Coover, secretary District No. 6. 

OBSERVATIONS ON THE SUCCESS AND FAILURE OF 
ENGINEERING GRADUATES, by R. B. Bonney, educa- 
tional director, Mountain States Telephone and 
Telegraph Company, Denver, and A. H. Heitzler, 
superintendent, electric department, Public Service 
Company of Colorado, Denver (two papers). 

THE IMPORTANCE OF A GOOD COMMAND OF EN- 
GLISH IN THE LIFE OF THB ENGINEER, by P. H. Pat- 
ton, District vice-president. 


WHAT SHOULD BE THE PLACE OF THE ENGINEER 
IN PRESENT Day Lire?, by W. C. DuVall, student 
counselor, University of Colorado Branch. 


The Saturday morning session was 
opened by an address by Dr. W. D. Engle, 
vice-chancellor of the University of Denver, 
who voiced the official welcome to the dele- 
gates to the conference. Presented at the 
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Saturday morning session were the following 
papers. 


WHAT SHOULD BE THE PLACE OF THE ENGINEER 
IN PRESENT Day Lire? by H. S. Rush, student 
counselor, North Dakota Agricultural College 
Branch, and W. M. Ely, chairman, University of 
Nebraska Branch (two papers). 

How Can THE BRANCH AID IN DEVELOPING PER- 
SONALITY AND LEADERSHIP AMONG ITS MEMBERS? 
by C. W. Caldwell, counselor, University of South 
Dakota Branch, F. W. Cooper, chairman, Univer- 
sity of Colorado Branch, and L. J. Schwehr, chair- 
man, North Dakota Agricultural College Branch 
(three papers). 

How Can THE BRANCH AID THE HiGH SCHOOL 
SENIOR AND THE COLLEGH FRESHMAN TO DETER- 
MINE His ADAPTABILITY FOR AN ENGINEERING 
CAREER? by L. C. Trussler, chairman, University 
of Denver Branch, A. J. Redmann, chairman, 
University of North Dakota Branch, and H. L. 
Fry, chairman, South Dakota State School of 
Mines Branch (three papers). 

SHOULD ENGINEERING SCHOOLS Mopiry THEIR 
CURRICULA TO BETTER MEET PRESENT Day 
Economic ConpiTions? by G. H. Sechrist, coun- 
selor, University of Wyoming Branch, and J. O. 
Kammerman, counselor, South Dakota State 
School of Mines Branch (two papers). 

To WHat EXTENT SHOULD STUDENTS BE URGED 
TO BECOME MEMBERS OF THE A.I.E.E.? by F. W. 
Norris, counselor, University of Nebraska Branch, 
L. Johnson, chairman, University of South Dakota 
Branch, and N. H. Sanders, chairman, University 
of Wyoming Branch (three papers). 


The conference took action on the ques- 
tion of the seventh annual District con- 
ference, assigning it to the South Dakota 
State School of Mines, Rapid City, S. Dak., 
for the spring of 1933. Conference action 
also included the election of Prof. H. S. 
Rush, counselor of the North Dakota Agri- 
cultural College Branch, as chairman of the 
committee on student activities for the 
North Central District, to succeed Prof. 
H. F. Rice, counselor of the University of 
North Dakota. Professor Rush attended 
the annual summer convention at Cleveland 
in June 1932 as the counselor delegate from 
District No. 6. 

Analysis of the attendance of the District 
conference is as follows: 

District officers 

Student counselors 

Branch chairmen 

Students, Colo. State Teachers College 
Students, Univ. of Denver 
Students, Univ. of Colo. 
Mountain States Tel. & Tel. Co. 
Public Service Co. of Colo. 
General Electric Co. 

Colo. Agricultural College 

Univ. of Colo. 


Univ. of Denver 
Consulting engineers and others 


a 
ONWNHROOL PR WO CON 


| 
| 


Nn 
(os) 


Total 


p ast 


Section Meetings 


Atlanta 

FUNCTIONS OF A PuBLIC SERVICE COMMISSION, 
by James A. Perry, Georgia Pub. Serv. Commission. 
June 6. Att. 230. 


Boston 

Annual meeting. Election of officers: F. D. 
Hallock, chmn.; W. H. Timbie, vice-chmn.; 
G. J. Crowdes, secy.-treas. May 17. Att. 120. 


Cincinnati 
Joint meeting with the Univ. of Cincinnati 
Branch. The following papers presented by stu- 
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DESIGN AND CONSTRUCTION OF A LABORA- 
MEa- 


dents: 
ToRY Arc Furnaces, by E. J. Emmerling; 
SUREMENT OF MopuLaTION, by J. Epstein; Mra- 
SUREMENT OF RADIATION, by C. L. Ramsey; Con- 
STANT RapIO FREQUENCY, by A. C. Hereweh. 
May 12. Att. 140. 


Columbus 


ASTRONOMY AND HUMAN AFFAIRS, by Prof. H. T. 
Stetson, Ohio Wesleyan Univ. Election of officers: 
K. Y. Tang, chmn.; Roy Mallory, vice-chmn.; 
H. L. Willson, secy.-treas. June 3. Att. 30. 


Detroit-Ann Arbor 

Election of officers: O. E. Hauser, chmn.; J. R. 
North, vice-chmn.; R. Foulkrod, secy.-treas. 
Golf and dinner. June 18. Att. 43. 
Houston 


Election of officers: James B. Arthur, chmn.; 


P. H. Robinson, secy.-treas. Dinner. May 31. 
Att. 81. 
Ithaca 

TELETYPEWRITER SySTEMS, by B. K. Boyce, 
N. Y. Tel. Co. April 22. Att. 160. 

Election of officers: W. E. Meserve, chmn.; 


B. K. Northrop, secy.-treas. June 3. 


Louisville 


Business and recreational meeting. Election of 


officers: C. M. Ewing, chmn.; L. O. Adams, 
secy.-treas, June 17. Att. 72. 
Memphis 

Inspection trip through the Memphis Pwr. and 
ietCom = fine 21 meAttoos 
Mexico 


OuTLOOK OF RAILROAD ELECTRIFICATION IN 
Mexico, by P. Gomez Pena, Natl. Rys. of Mexico. 


Dinner. June 16. Att. 36. 
Minnesota 
Annual dinner dance. Election of officers: 


H. J. Pierce, chmn.; E. H. Hagensick, vice-chmn.; 
R. R. Herrmann, secy.-treas. June 3. Att. 88. 


San Antonio 

ORGANIZATION AND COOPERATION VS. INDIVIDUAL 
ApiLity, by M. C. Johnson, J. C. Penny Co. 
Dinner. May 28. Att. 57. 


San Francisco 


ADVENTURES IN SCIENCE, by Ellis L. Manning, 
Genl. Elec. Co. Dinner. May 31. Att. 1150. 


Sharon 

ULTRA VIOLET AND ITs APPLICATION, by G. W. 
Keown, Westinghouse Lamp Co. Film—‘‘Hydro 
Electric Power Development in the New South.” 
June 14. Att. 98. 


Spokane 

HIsToRY OF THE ELECTRICAL DEVELOPMENT OF 
THE INLAND EMPIRE, by John B. Fisken, Washing- 
ton Water Pwr. Co. May 26. Att. 14. 


Toledo ; 

RESEARCH AS A TOOL oF INDUSTRY, by Dr. W. E. 
Wickenden, Case Sch. of Applied Science. April 5. 
Att. 700. 


PROBLEMS IN DESIGNING OF LARGE ALTERNATING 
CURRENT GENERATORS, by S. H. Mortensen, 
Allis-Chalmers Mfg. Co. Illus. April 15. Att. 28. 

APPLICATION OF ELECTRICITY IN INDUSTRY, by 


Ralph Paxton, Toledo Edison Co. May 20. 
Att. 30. ; 
MopERN ENGINEERING ACHIEVEMENTS, by 


C. L. Proctor, Toledo Edison Co.; HUMANEERING, 
by S. K. Mahon, Toledo Edison Co. Election 
of officers: I. H. Heitkamp, chmn.; E. H. Howell, 


vice-chmn.; W. M. Campbell, secy.-treas. June 
55" Att 28: 
Urbana 

Election of officers: E. A. Reid, chmn.; H. N. 
Hayward, vice-chmn,; L. L. Smith, secy. May 16. 


Att. 14. 


Vancouver 


Annual meeting. May 21. Att. 23. 
Election of officers: G. R. Wright, chmn.; L. B. 


Stacey, vice-chmn.; D. M. Johnstone, secy. 
June 6. Att. 21. 
Washington 


CLEVELAND-EMERSON D1aAL PROJECT, by J. A. 
Remon, Chesapeake & Potomac Tel. Co. Dinner. 
April 12. Att. 160. 

FUNCTIONS AND OPERATION OF METER DEPART- 
MENT, by W. H. Fellows, Potomac Elec. Pwr. Co. 
Election of officers: Prof. T. J. MacKavanagh, 
chmn.; Roland Whitehurst, vice-chmn.; E. T. 
Walker, secy.-treas. Dinner. May 10. Att. 75. 


Past 
Branch Meetings 


Armour Institute of Technology 

Election of officers: H. Rychlick, chmn.; R. 
Snelling, vice-chmn.; H. Schwennesen, secy.; 
E. Dumser, treas. June 10. Att. 41. 


Carnegie Institute of Technology 

ELECTRICAL ACHIEVEMENTS OF 1931, by W. B. 
Spellmire, Genl. Elec. Co.; EXPERIENCES IN THE 
GENERAL ELEcTRIC STUDENT TEST COURSE, by 
H. S. Young, Jr., Genl. Elec. Co. May 27. 
Att. 39. 


Michigan College of Mining and Technology 
Election of officers: Jerome Williams, chmn.; 

Leon Messenger, vice-chmn.; Fredrick Plaga, 

secy.; Robert Simpkins, treas. June 1. Att. 12. 


Milwaukee School of Engineering 

PROGRESS OF AVIATION IN THE UNITED STATES, 
by C. E. Mayhue, Kohler Aviation Corp. Elec- ~ 
tion of officers: Gale Young, chmn.; Wm. Ketten- 
acker, vice-chmn.; Roy Christianson,  secy.; 
Anthony Flout, treas. June 8. Att. 102. 


University of Minnesota 


Election of officers: 
Arvid Turnquist, secy.-treas. 


chmn.; 
Att. 36. 


Paul Erickson, 
May 24. 


University of New Hampshire 


Election of officers: Roger Hunt, chmn.; Leslie 
Huse, vice-chmn.; Philip Thomas, secy. April 23. 
Att. 24. 

THYRATRON TUBES, by L. A. Barker, student; 
CHARACTERISTICS OF A Motor WITH A CENTRIFU- 
GAL Pump DIRECTLY CONNECTED TO THE MOTOR, 
by P. A. Rolfe, student; AN EXPERIMENT ON 
CONCATENATION, by V. T. Swain, student. May 
14. Att. 21. 

TRANSFORMER HARMONICS, by H. J. Joyal, 
student; ELECTRICAL TRANSIENTS, by H. Wood, 
student; MAGNETIC BRAKES, by B. Booth, stu- 
dent. May 21. Att. 19. 


College of the City of New York 


Election of officers: John Ragazzini, chmn.; 
Charles Grossfeld, vice-chmn.; Richard Brill, 
secy.; G. B. Criss, treas. May 19. Att. 21. 


University of North Dakota 


Business meeting. May 25. 


Pratt Institute 


SHot-Gun Fuses, by A. F. Bruder, student. 
May 26. Att. 20. 


Election of officers: Galen Allison, chmn.; 
Raymond Farrell, vice-chmn.; Allan Tiffany, 
secy.; George Stringer, treas. May 27. Att. 30. 


Stanford University 

THE Five YEAR PLAN IN RELATION TO ENGI- 
NEERING, by P. M. Narbutovskih, student. Elec- 
tion of officers: George W. Dunlap, chmn.; G. E. 
J. Jamart, vice-chmn.; L. J. Lewis, secy.-treas. 
June 1. 


Texas Technological College 


POPULATION Forecast, by Arthur Waghorn 
presented by J. P. Conner, students. Film— 
“Speeding Up Our Deep Sea Cables.’’ Election 
of officers: J. P. Conner, pres.; Walter Cox, 
vice-pres.; S. A. Cousins, secy.-treas. May 18. 
ACGELT. 


University of Washington 


MILWAUKEE ELECTRIFICATION, by R. Beeuwkes, 
Chicago, Milwaukee, and St. Paul Ry. Co. May 
26. Att. 44. 


University of Wisconsin 


CALCULATION OF MacGnetic FLux DENSITY AND 
Force BETWEEN Bus Bars, by W. E. Wyss, 
student. March 8. Att. 23. 

PROSPECTING IN SCIENCE, by M. W. Hanks, 
Hankscraft Co. April 20. Att. 65. ; 
THE USE oF MODELS AT SHORT WAVE LENGTHS 
IN ANTENNA INVESTIGATIONS, by G. H. Brown 
and R. King, students. Election of officers: 
W.E. Wyss, chmn.; H. H. Kieckhefer, vice-chmn.; 

L. A. Leifer, secy.-treas. May 18. Att. 26. 


ELECTRICAL ENGINEERING 


Piiglovmcnt Notes 


Of the ngincerina Societies enplacmient Service 


ositions 
Open 


EXEC. DESIGNING ENGR. for oil switch di- 
ision. Must be fully trained E.E. thoroughly ex- 
erienced in the modern design and construction 
f high tension overhead equipment, especially oil 
witches. Must have executive ability and speak 
erman fluently. Apply by letter stating com- 
lete information as to age, education, experience, 
ferences, salary, etc. Location, Europe. W- 
754-CS. 


Aen 
Available 


‘onstruction 


ASSOC. A.I.E.E., B.S. IN E.E., 33, single, 10 
r. experience in construction with contractor, 11/2 
r. instructor in high school, 2 yr. field engr. during 
survey with utility. C-8633. 


GRAD. E.E., 29, 5 yr. supervisory construction, 
esign, estimating and field engg. experience on 
uper-power plants and substations; 4 yr. indus- 
rial pwr. plant operation, elec. construction and 
laintenance experience; ry. electrification con- 
truction experience. C-4428 


PRACTICAL ELEC. CONSTRUCTION 
SHIEF, 32, single, 14 yr. experience in construc- 
ion and also maintenance work. Last 4 yr. in 
atin-America. Can speak Spanish and German 
auirly well. Available immediately. Location, 
mmaterial. C-2101. 


Jesign and Development 


GRAD. E.E., M.I.T., 1923, 31, single. Design 
f steam and hydro gen. stations. Substations, 
wr. transmission lines and industrial installations. 
.vailable immediately. Location, immaterial. 
)-1098. 


E.E. GRAD., 29, single, 2 yr. additional study 
1 accounting, 2 yr. experience on elec. wiring of 
Idgs., 5 yrs. experience on elec. and mech. design, 
evelopment, and lab. work on fans and small 
aotors with leading mfr. Also experience in draft- 
ag and commercial engg. New England preferred. 
)-580. 


E.E. GRAD., 29, single, 5 yr. experience includ- 
ng 6 months testing a-c., d-c. machines, 41/2 yrs. 
lesign 5 to 2,000 hp. a-c. and d-c. motors for in- 
ustrial and special applications. Thoroughly 
amiliar with motor quotations, estimates and appli- 


ations. Desires position with utility, mfg. or con- 
truction firm. Location, U.S. Available im- 
aediately. D-944. 


ELEC.-MECH. ENGR., 30, married, college 
rad. with unusual abilities for elec. relay circuits 
autom. teleph., control, alarm systems, signaling), 
esourceful mech. designer on small apparatus, 5 yr. 
ngg. experience. Available immediately. Loca- 
ion, immaterial. C-8373. 


EMPLOYERS—Should you require a designer 
r operator for elec. transmission and distribution 
ra pwr. salesman, permit me to qualify. B.S. in 
).E. and 7 yr. diversified utility experience. B- 
709. 


»xecutives 


B.S. AND E.E., 20 yr. experience; test, instruc- 
or 2 yr., line supt., constr. engr. large mining co., 
lec. engr. lighting ‘and pwr. co.; engr. for utility 
olding co. Experience covers constr., design sta- 
ions, substations trans., dist. lines, P. F. correction, 
ne calculations, economic studies, system planning. 
Vill go any where and accept any salary. D-1064. 


GRAD. E.E., 1927, single, 26. Experience: 18 
nonths cable development, 2 yr. installation and 
ervice engr. on talking picture theater equip. in- 
luding foreign service. Additional education 1 
r. genl. course economics, etc., Univ. of London. 
osition desired offering experience with economic 
roblems or personnel relationships. D-1159. 


EXEC. ENGR., Scandinavian, 43, Amer., with 
Oyr. experience in design and research of pwr. sta- 
ions, transmission lines, transformers, and oil circuit 
reakers, desires position in U.S. or abroad for pwr. 
r mfg. co. Speaks German and Scandinavian 
uently and is thoroughly familiar with Amer. and 
buropean Mfg. methods. D-1176. 


AuGusT 1932 


EXEC. ENGR., mech, and elec., 43, Amer., col. 
grad. Broad experience in designing, bldg. and 
operating large industrial pwr. plants. Have ex- 
ceptional qualifications for rapid, thorough and 
economical engg. of such projects and the ability 
S cores maximum value for the entire investment. 


E.E. GRAD., 12 yr. experience in distribution 
circuit work, design, testing, etc., and having a 
completed training in law, desires a position for 
which experience will qualify. D-1177. 


DISTRIBUTION ENGR., tech. grad., 30, mar- 
ried, 8 yr. experience in design, construction and 
operation of rural and urban distribution systems 
and evaluation of systems. Best of references. 
Available at once. C-4247. 


ELEC. AND MECH. ENGR., 36, exec., 12 yr. 
experience in design, construction, development, in- 
vestigations of pwr. projects and systems expansion 
for utilities and industrials in the states and abroad. 
Speaks Spanish and Portugese. D-857. 


EXEC. ASST. to pres. or vice-pres. of holding or 
large operating utility. Twenty yr. experience in 
construction, engg. and operation, transmission, 
distribution, city and rural substations, pwr. sta- 
tions, appraisals, rates, right-of-way, interconnec- 
tions and reports. East preferred, not essential. 
D-1246. 


Instruction 


E.E. GRAD., 1929. G. E. test experience in- 
cluding work in radio and vacuum tube engg. dept.; 
and with all types of elec. machy. Received M.S 
LT ereen Desires teaching or engg. opportunity. 


E.E. GRAD., 25, married, 4 yr. exceptional tech. 
experience, some very successful teaching experi- 
ence. Desires position as instructor in E.E. sub- 
jects, mathematics or physics with opportunity of 
taking graduate work. C-4303. 


E.E., Bachelors and Professional degrees, have 
held responsible teaching position in state institu- 
tion and have had research experience. Location 
is not a material consideration. B-7263. 


MEMBER, B.SC. IN E.E. Experience: lec- 
turer; asst. prof. and prof. in charge of E.E. dept. 
of prominent univ., followed by practical design, 
latterly in charge of a-c. design for well-known mfr. 
of elec. machy. Desires position teaching or one 
which demands thorough knowledge of motors. 
D-1213. 


Junior Engineers 


E.E. GRAD., 1932, Mich. State Col., 23, singl. 
Desires engg. work, but willconsider anything. Ex- 
perience in drafting and telephone work. Available 
atonce. Locationin Middle West preferred, others 
considered. D-1236. 


E.E. GRAD., 1931, single, 24. Special training 
in radio, sound apparatus, and photoelectric cells. 
Desires position in the radio or electroacoustical field 
or teaching opportunity. Location, immaterial. 
Available immediately. D-1240. 


E.E. GRAD., B.S. IN E.E., Univ. of Ill., 1932, 


23, single. Ten months long distance telephone 
test A. T. & T.; 2 months motion picture sound 
equipment. Familiar with vacuum tubes and 


their applications. Available at once. 
immaterial. D-1108. 


Location, 


JUNIOR ENGR., 1932 grad. of a cooperative 
tech. col. Has had experience with illumination 
design; radio manufacture and service. Location, 


immaterial. D-1109. 


GRAD. IN E.E., 1932, 21, desires position im- 
mediately, strong physique. Will take anything. 
Location, immaterial. D-1010. 

B.S. in E.E., 1932; single. Fourteen months 
G.E. test between junior and senior yr. Test 
records available. Excellent scholastic record. 
Tech. type: developed thesis; 9 contributions 
presented at A.I.E.E. Good personality and initia- 
tive. Location and salary immaterial. D-1127. 


1931 GRAD., Cornell Univ. and Pratt Inst. in 
Brooklyn. Slight experience with vacuum tubes 
and resistors. Desires work in radio television, 
communication, or lines allied to that industry. 
Available on short notice. Location, immaterial. 
C-5636. 


EXPERIENCED 1932 GRAD., 24, single. 
Vacuum tubes, photoelectric cells, circuits, research, 
design, and manufacture. Elec. measurements, 
especially with cathode ray oscillograph. Experi- 
enced in application of elec. methods to mech. engg. 
problems. Full or part time work. Location pre- 
ferred, vicinity of New York City. Available after 
Aug. 15. D-616. 


B.S. IN E.E., Carnegie Inst. of Tech., 1932, 5 
yr. in radio work and repairing household ap- 
pliances. Salary immaterial at start. Location, 
immaterial. Available at once. D-1140. 


E.E., 22, single, good references; desires work in 
generation or transmission of elec, pwr. Satisfied 
with small salary in order to gain knowledge in field. 
Has had 2 yr. experience as cooperative student in 
manufacture of motors and generators. Can locate 
anywhere. D-159. 


E.E. GRAD., 1932, 22, married. Experience in 
solution of distribution network problems. Desires 
position in any field of engg. with opportunity for 


advancement. Salary and location, secondary. 
Good scholastic record. D-1160. 
GRAD. E.E., Rensselaer Poly. Inst., 1932, 23, 


single. One summer’s work on relay squad of N. J. 
Pub. Serv. | Desires position in any E.E. field, 
preferably illuminating. Available at once. D- 
1158. 


E.E. GRAD., 1930, Columbia, 6 yr. course, 25, 
single, 11/2 yr. with Paramount Publix Theatre Con- 
struction. Knowledge sound and _ projection 
equip., drafting, supervision of construction and 
layout; instruments, foundry, and pattern shop 
methods. Desires connection, any engg. capacity. 
Available immediately. Present location, New 
York but willing to go anywhere. C-7239. 


1932 GRAD., E.E., B.S., from Ohio Northern 
Univ., 23, single and excellent physical condition. 
Best of character standing and willing to work 
hard, starting at the bottom and working up. 
Desires any position that will pay a living wage. 
Location immaterial and available immediately. 
D-1167. 


E.E. GRAD., 1931, 25 single, cooperative col.; 
12 months experience as asst. in production lab. of 
a battery mfg. concern. Six months experience as 
a genl. draftsman. Speaking and reading knowl- 
edge of German. Desires position with future. 


ENGINEERING SOCIETIES EMPLOYMENT SERVICE 


205 West Wacker Drive 
Chicago 


57 Post St. 
San Francisco 


AINTAINED by the national societies of civil, 

mining, mechanical, and electrical engineers, 

in cooperation with the Western Society of Engi- 

neers, Chicago, and the Engineers’ Club of San 

Francisco. An inquiry addressed to any of the 

three offices will bring full information concerning 
the services of this bureau. 


Men Available.—Brief announcements will be 
published without charge; repeated only upon 
specific request and after one month's interval. 
Names and records remain on file for three months; 
renewable upon request. Send announcements 
direct to Employment Service, 31 West 39th Street, 
New York, N. Y., to arrive not later than the 
fifteenth of the month. 


31 West 39th St. 
New York 


Opportunities—A weekly bulletin of engineer- 
ing positions open is available to members of the 
cooperating societies at a subscription of $3 per 
quarter or $10 per annum, payable in advance. 


Voluntary Contributions.—NMembers benefiting 
through this service are invited to assist in its further- 
ance by personal contributions made within 30 
days after placement on the basis of 1.5 per cent of 
the first year’s salary. 


Answers to Announcements.—Address the key 
number indicated in each case and mail to the New 
York office, with an extra two-cent stamp enclosed 
for forwarding. 
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Location and salary secondary. Available im- 
mediately. D-534. 
GRAD. E.E., 26, single. Two yr. experience 


in maintenance, test, and distribution with utility. 
One yr. drafting and mech. design. Two yr. elec. 


control sales. Available on short notice. Eastern 
location preferred. C-6445. 
E.E. GRAD., Master’s deg., V.P.I., ’30, 23, 


married. One summer in relay dept. pwr. CO. 
yr. teach. fellow, 1 yr. teach. elec. in H.S. Six 
summers certified electrician. Needs engg. position 
in utility or industrial concern, or instructor in 
physics, mathematics or E.E. D-1198. 


E.E. GRAD., Yale, B.S., Cum Laude, 1931. 
M.S. in E.E., 1932, 22, single. Desires experience 
with utility or industrial concern, Available im- 
mediately. Location anywhere in U.S. Northeast 
preferred. D-1212. 


RECENT GRAD., B.S. IN E.E., 23, Newark 
Col. of Engg., cooperative training with Diehl 
Mfg. Co. Desires opportunity with future in pro- 
duction or sales. Previous experience in organiza- 
tion. Prefers location in New York metropolitan 
area. Available at once. D-1137. 


E.E. GRAD., cooperative course, Drexel Inst., 
B.S., 1931. M.S., M.1.T., 1932, 23, single. Two 
yr. experience in plant dept. of Bell Tel. Co. of Pa. 
Desires engg. or teaching position, Location in 


East preferred. Available immediately. Refer- 
ences upon request. D-1087. 

B.E.E., Northeastern Univ., 1932. Experienced 
in utilities meter and station repair dept. Good 


references. Available at once. Location, imma- 


terial. D-1211. 


E.E. GRAD., 1932, 24, single. B.S.in E.E. from 

well known engg. school. Good scholastic record. 
Four yr. mfg. experience includes timekeeping, cost 
work, maintenance and assembly. Desires position 
with opportunity for advancement with utility, 
engg., Or mfg. firm. Location agi ll Ohio-Pa. 
vicinity, but will consider others. D-908 


E.E., married, E.E., M.E. Twenty-two yr. ex- 
perience, designing, construction pwr. plants, sub- 
stations, transmission, distribution systems, and 
industrial plants, three yr. charge purchasing engg. 
equip., foreign interests. Three yr. exec. experi- 
ence, charge engg. dept. large utility syndicate. 
English, German, Russian, Armenian, Turkish 
languages. Available immediately. D-84. 


1932 GRAD., Univ. of Ala., 21, single, desires 
position in any engg. field. Languages: English, 
German, and Polish. Available immediately. Lo- 
cation, immaterial. D-1166. 


E.E., grad. 1928, 28, married. 31/2 yr. Westing- 
house test course. Good experience on motors 
and control apparatus; also some civil engg. and 
supervisory experience. Not afraid of responsi- 


bility. Desires a position with future. Location, 
immaterial. C-9568 
E.E. GRAD., 1932, cooperative col. One yr. 


with Weston Instrument Co. in various dept. 


1 yr. genl. maintenance work. Desires position 
with any mfg. or engg. concern. Location, imma- 
terial, D-1112. 


B.S. in E.E. from Worcester Poly. Inst., 1932, 24, 
single. Desires engg. work of any nature. With 
construction company for 4 summers. Location, 
ee Very good references can be furnished. 
D-1227. 


CORNELL E.E. 1932, A.B. 1930, 23, single, 
communications option, experienced in design and 
operation of radio and public address equip. One 
summer in Bell Tel. Lab. Two summers elec. con- 
struction on substations and plant additions. Can 
write clear concise letters and reports. Salary 
secon cary, East preferred. Available October 1. 
D- 5 


B.S. 1930, E.E. 1931 from Univ. of So. Car., 23, 
single. Six months experience with South Carolina 
Pwr. Rate Investigating Committee. Able and 
willing to do practically any type of engineering 
work, Available immediately. Location, imma- 
terial. Can give best of recommendations. D-595. 


ENG. GRAD., R.P.I., 1932, E.E. Desires posi- 
tion, preferably pwr. or communications. Loca- 
tion, immaterial. Some experience in drafting. 
Graduation thesis design of central station. D- 
245. 


Maintenance & Operation 


E.E., B.S. in E.E., 1930, Univ. of Idaho, 24, 
married. Two yr. with Bell Tel. Lab. in trial in- 
stallation of new circuits and equip., chiefly tele- 
phone equip. for broadcast networks and trans- 
atlantic communication. Desires work in an’ in- 
dustry or utility with opportunity for advance- 
pent, Location, U.S.A. . Available at once. D- 

Cie 


E.E. GRAD., 1928, Tri-State Col., 27, single, 31/2 
yr. engg. experience with utility in design, layout, 
and detailing of pwr. plant, substations and distri- 
bution lines. Desires connection in engg. or oper- 
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ating capacity, in steam pwr. plant. Location, 
immaterial. Now available. D-89. 
RADIO ENGR.-OPERATOR. Fifteen yr. 


commercial experience; last 8 in broadcast stations 
including 3 yr. with KDKA. Now with station in 
metropolitan area. Would like connection with 
small Southern station. Able to design and con- 
struct latest type radio equipment, also serve as 
operator (licensed). D-1237. 


TRANSFORMER ENGR., experienced, installa- 
tion, care, maintenance, design large pwr. trans- 
formers. Nineteen yr. with mfg. transformer where 
work included preparation of instructions for trans- 
former, erection and examination of failures and 
determining probable cause. Would be valuable 
to concerns with number of transformers under 
their supervision in seeing transformers are properly 
used, attended, operation. Married. B-199. 


RY. E. E., 48, specialist on heavy elec. traction 
installation, practical operation, and maintenance. 
E.E. grad., 8 yr. with G. E. Co. in testing, engg., and 
sales work. 12 yr. in installation, operation, and 
maintenance of electrification of the C.M.St.P.&P. 
RR. Contributor to tech. magazines on elec. 
traction subjects. References and other informa- 
tion furnished on request. Available at present. 
D-1263. 


Research 

E.E., 1930, with 2 yr. research work, post gradu- 
ate study and excellent scholastic record, desires 
tech, work, preferably mathematical. Location, 
Northeastern U.S. preferred, but will consider 
others. D-1183. 


E.E. GRAD., 23, Sc.M., M.I.T., Harvard 28; 
Se.D., M.I.T., June ’32; single, 38; 9 yr. practical 


Membership 


experience pwr., business and communication 
engg.; 2 yr. testing course. Recently made valu- 
able contribution to knowledge net work synthesis. 
Speaks Swedish, English, German. Reading 
knowledge French. Desires position, well-known 
organization preferably communication engg. 
Available July 15. D-747. 


GRAD., Yale 1930, B.S. in E.E., Tau Beta Pi, 
Assoc., Sigma Xi. Test experience, regulators, 
motors, industrial control, rectifiers, transformers, 
photoelectric cells, short circuit lab., work’s lab. 
on insulation, and development work, research 
lab. Desires employment leading to exec. posi- 
tion. New England preferred. D-1192. 


GRAD. E.E., Univ. of Toronto, Canada, 1929. 
Practical transformer construction experience draft- 
ing; 6 mo. test course, Can. Westinghouse; 3 yr. 
with large U.S.A. alloy co. in supervisory capacity 
on elec. furnace process and plant operation. Loca- 
tion, immaterial. Availableimmediately. D-1226. 


DEVELOPMENT ENGR., 26, single, E.E. and 
M.S., high scholastic rating, 3 yr. G.E., research, 
test and field engg., 2 yr. development of pwr. plant 
equip. for telephone offices. Location, immaterial. 
Best of references. Available now. D-1219. 


B.S. in E.E. and M.A. in Physics, 25. Three 
yr. experience at leading industrial lab. in research 
on vacuum tubes and associated circuits. Desires 
development work on radio, communication or 
goung gauip-, research or teaching E.E. and physics. 
D-1 : 


MECH. and E.E.: Development, research. 
Elec. motor control, hoisting and conveying, mech. 
and elec. tests of materials, metallurgy, metallog- 
raphy X-ray analysis. C-6994. 


Applications 
for Election 


Applications have been received at headquarters 
from the following candidates for election to 
membership in the Institute. Unless  other- 
wise indicated, the applicant has applied for 
admission as an Associate. If the applicant has 
applied for direct admission to a grade higher than 
Associate, the grade follows immediately after 
the name. Any member objecting to the election 
of any of these candidates should so inform the 
acting national secretary before Aug. 31, 1932. 


L. A. Cantin, E. E. Student, Angola, Ind. 
Cater, F. L., (Member) W. R. Grace & Co., N. Y. 


City. 

Crooks, C. L., Pub. Serv. Dept., Glendale, Calif. 

Frey, J. C., Hatzel & Buehler, Inc., N. Y. City. 

Hartong, H. H., 100 Haven Ave., N. Y. City. 

Hildebrandt, C. H., N. Y. Central R. R. Co., 
Weehawken, Nie Ue 

Hobson, L. S., Genl. Elec. Co., Phila., Pa. 

Kallenbach, CG KaN: %. Pwr: & Lt. Corp., Pleasant 
Valley, N. Vv. 

Kaul, R. D., Garrison Fire Detecting System Inc., 
N. Y. City. 

Miller, R. D., (Member) The Pacific Tel. & Tel. 
Co., Portland, Oregon. 

Rose, M. C., C. & P. Telephone Co. of B. C., 
Baltimore, Md. 

Sennyder A. P, (Member) c/o oe F. Hardy, 
Construction Engr., N. Y. Cit 

exuieleher: M., 11 Cottage ines “White Plains, 


N. 

Simm, Ss Cy, c/o eier ae Place, Engr., 420 Lex- 
ington Ave., N. Y. 

Sullivan, A. Hi. (ene Cincinnati 
Terminal Co., Ohio. 

15 Domestic 


Union 


Foreign 


Banton, F. B., (Member) Cia Colombiana de 
Blectricidad, Barranquilla, Colombia, S. A. 
Beljavsky, A. G. (Member) North- Caucas Inst. of 
Energetics, Novocherkassk, U.S.S.R 

Bryant, A., Kenya & Uganda Govts., Nairobi, 
Kenya Colony, E. Africa. 

Chan, S., 33 Wan Tsai Rd., Hong Kong, China. 

Gibbes, Gerald Be Government ay Depart- 
ment, St. George’ s, Grenada, B.W.I. 

Headland, Pubs as. Dept., Waitaki Hydro, 
South Island, N. 

Hickey, M. G., Mackbddge Elec. Construction Co.,, 
Hersham, Walton-on-Thames, Surrey, Eng. 

pam pney, B., Assoc. Electrical Industries, Lahore 
ndia. 


Thampan, K. C., Pykara Construction Wks., Glen 
Morgan P. O., The Nilgiris, So. India. 

Verma, R. P., Gaya Engg. & Elec. Pwr. Sup. Co., 
Ltd., Gaya, India. 

10 Foreign 


Addresses Wanted 


A list of members whose mail has been returned 
by the postal authorities is given below, with the 
address as it now appears on the Institute records. 
Any member knowing of corrections to these ad- 
dresses will kindly communicate them at once to 
the office of the secretary at 33 West 39th St., New 
York, N. Y. 


Adams, Albert J., 950—18th Ave., Honolulu, T. H. 

Aranda, 1 Torres, Privada Lago No. 3, Gral 
Anaya, Mexico City, Mex. 

Archbold, Earl J., Box 2641, Birmingham, Ala. 

Blugerman, L. N., 227 N. 18th St., Phila., Pa. 

Beh veto: 736 Transp. Bldg. 3 Washington, 


Callen, R. J., Brunswick Recording Lab., 
Ave., N. Y. City. . ie” 
Diamond, Harvey, Avenida Concepcion 105, 
Providencia, Santiago de Chile, S. Am. 
Handley, Wilbur H., 517 Milbank Rd., Upper 
Darby, Pa. 
Bee Juan, Calle Borges 958, Olivos, Arg. Rep., 


Iwe, Halfdan G., 229 Ovington Ave., Bklyn., N. Y. 
Morita, Kadzuo, c/o Chosen Hydro- Elec. Co., 
Kankyo- Nando, Korea, Japan. 
Neander, M., 182 Pravy Bereg Nevy Kv. 51, 
Leningrad, U.S.S.R 
eee Oscar G., 361 Mulberry St., Williamsport, 
Pa. 
Pearson, Ernest, 209 Brewster Rd., Scarsdale, N. Y. 
Scanlon, D. L., KFPW, Ft. Smith, Ark. 
Schroeder, G., Reiorcleasi Pereulok No. 11-16, 
Moscow, U. 'S.S 
Schwartz, Carl, S10 Cathedral Pkwy., N. Y. City. 
Yea Ness, L. ce 2105-6 Sterick Bidg., Memphis, 
enn. 
Vere, Fernand, Union Telefonica, Calle Defensa 
No. 148, Buenos Aires, Arg., S. Am. 
Vetri, L., Western Elec. €o., Inc., 100 Central Ave., 
Kearny FINA J 
Wiley, Walter S., 200 Fackney St., Carmi, Ill. 
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Seen ec ring Marerntare 


lew Books 
in the Societies Library 


Among the new books received at the 
ngineering Societies Library, New York, 
iring June are the following which have 
sen selected because of their possible 
terest to the electrical engineer. Unless 
herwise specified, books listed have been 
‘esented gratis by the publishers. The 
stitute assumes no responsibility for state- 
ents made in the following outlines, in- 
rmation for which is taken from the 
‘eface or text of the book in question, 


INTERNATIONAL UNEMPLOYMENT, a 
udy of Fluctuations in Employment and Unem- 
Oyment in Several Countries, 1910-1930. M. L. 
eddérus, ed. Hague, Holland, and New York, 
iternational Industrial Relations Institute, 1932. 
6 p., 10x7 in., cloth, $2.50.—For the 1931 Social 
conomic Congress at The Hague various nation’s 
onomists were asked to prepare studies on em- 
oyment fluctuations to picture the recurrence of 
1employment during the last 2 decades. The 
udies presented in this volume factually show 
nditions in Australia, Canada, China, Germany, 
rance, Great Britain, the United States, and 
ussia. 


LOAD CURVES AND POWER INDEXES IN 
HE OPERATION OF ELEC. STATIONS. (In 
ussian.) By A. K. Darmanchev. 1931, Moscow 
id Leningrad, Gosudarstvennoe Nauchno-Tekh- 
cheskoe Izdatelvstvo. 119 p., 9x6 in., paper, no 
ice given.—According to Mr. Darmanchev, load 
irves usually are discussed solely in relation to 
»wer plant layout. In the present book they are 
nsidered from the point of station operation. 
he theory of load curves is set forth, and ways in 
hich they may be applied described in detail. 


METALLURGY. By FE. Gregory. London 
id Glasgow, Blackie & Son, 1932. 284 p., illus., 
<6 in., cloth,, 17s 6d.—With an introduction by an 
‘perienced teacher. A simple, interesting account 
the manufacture, properties, and uses of the com- 
on engg. metals. The metallurgy of ferrous ma- 
rials fills 2/3 and includes chapters on the con- 
itution of metallic systems, metallography, and 
sat treatment, alloy steels and stainless steels. 
emainder treats of common non-ferrous alloys. 


RAMBLING THROUGH SCIENCE. By A. 
. De Leeuw. . Y. & Lond., McGraw-Hill, 
Thittlesey House, 1932. 320 p., 9x6 in., cloth, 
,.50.—Readers without special training in modern 
lemistry, physics, and astronomy will find satisfac 
on in these informal chapters. Mr. De Leeuw 
rites conversationally, simply, and clearly on light, 
und, relativity, time, space, energy, matter, the 
ements, and other physical and chemical prob- 
ms, giving an account which every one can under- 
and of recent scientific discoveries. 


REWINDING AND CONNECTING A-C. 
[(OTORS. By D. H. Braymer and A. C. Roe. 
. ¥. & Lond., McGraw-Hill, 1932. 372 p., illus., 
6 in., cloth, $3.50.—For technically trained men 
ithout shop or factory experience, and students. 
aims to provide the fundamental principles of in- 
iction-motor windings, and shop information on 
p and wave windings as used in current standard 
otors and in those in service for many years. 
his information based upon practical experience in 
winding is presented in form suitable for easy use, 


ROYAL TECHNICAL COLLEGE JOURNAL, 
2, Pt. 4, January 1932. Glasgow, Robert Ander- 
n & Sons. p. 571-710, illus., 10x7 in., paper, 10s 
i.—Records research work recently carried out 
ere. Of greatest interest to engineers are the 
1ysical properties of steel after plastic and yield- 
int extension, magnetostriction of cold-drawn 
ire, aging and tempering duralumin, segregation in 
eel, production of uniform illumination over large 
eas, the photoelectric cell, temperature stresses in 
yn-circular drums and circular flat plates, and the 
formance of wing radiators. 


THERMIONIC VACUUM TUBES and Their 
pplications. By E. V. Appleton. N. Y., E. P. 
utton & Co., 1931. 117 p., 7x4 in., cloth, $1. 25.— 
compact, accurate account of internal action 

modern vacuum tubes and of their behavior 
hen used as amplifiers, rectifiers, or generators of 
cillations, written with the needs of students of 
neral physics in mind. 


DER INGENIEUR IN DER ELEKTRO- 


JDUSTRIE. By R. Salinger. Vienna, H. Mar- 
a, 1929. 118 p., 10x6 in., paper, 10 Aust. s.— 


UGUST 1932 


This book is to assist the young electrical engineer 
to professional success. It contains much sage 
advice upon character formation and professional 
and commercial training, and discusses the qualities 
and training essential to various branches of the 
profession. 


AMERICAN MACHINISTS’ HANDBOOK. 
By F. H. Colvin and F. A. Stanley. 5Bed. N.Y. & 
Lond., McGraw-Hill, 1932. 1134 p., charts, tables, 
7x4 in., leather, $4.00.—Popular for 24 years in 
machine shops and drafting rooms as a convienient 
source of reference on machine shop practise, 
standards, and materials. The new edition, the 
first in 6 years, has been revised carefully, obso- 
lete material removed, and new data added. 


APPAREILS POUR LE CALCUL MECANI- 
QUE DE L’INTEGRALE DU PRODUIT DE 
DEUX FONCTIONS. By A. Nessi and L. 
Nisolle. Paris, Dunod, 1932. 17 p., illus., 11x7 in., 
7 frs.—Describes a mechanical integrator invented 
by the authors to give the integral of the product 
of 2 functions. The instrument is relatively in- 
expensive and can be dismantled into parts for 
other drafting-room purposes. The theory of the 
integrator is explained and illustrated. 


ELECTRIC POWER EQUIPMENT. By J. G. 
Tarboux. 2 ed. N. Y. & Lond., McGraw-Hill, 
1932. 493 p., illus., 9x6 in., cloth, $5.00.—To give 
the student already familiar with the fundamentals 
of electrical circuits and machinery a _ birdseye 
view of the entire field of electrical power equip- 
ment. Starting with a brief survey of power re- 
sources, prime movers, and the relation of steam 
to water power, it discusses loads and load graphs; 
then takes up generating and switching equipment 
circuit layouts, transmission lines, distribution 
systems, substations, and similar topics. The end 
is a short chapter on the economics of electric 
service. A new edition enlarged and thoroughly 
revised. 


ELECTRICAL PHENOMENA IN GASES. 
By K. K. Darrow. Baltimore, Williams & Wilkins 
Co., 1932. 492 p., illus., 9x6 in., cloth, $8.00.— 
An important book which will be welcomed by 
physicists and chemists as a comprehensive up-to- 
date treatise, with general principles, methods, and 
experiments set forth clearly and fully. It fills 
admirably the need of systematic discussion of 
work in this field, and brings together data hereto- 
fore available only in scattered form. 


ELEKTRISCHE MASCHINEN, BD. 3. DIE 
TRANSFORMATOREN. By R. Richter. Ber- 
lin, J. Springer, 1932. 321 p., illus., 10x6 in., 
cloth, 19.50 rm.—A text-book upon the theory and 
design of transformers, the subject presented 
concisely yet comprehensively, and emphasizing 
especially magnetic, electrical, and thermal phe- 
nomena. A clear, logical presentation suited to 
the needs of engineers and students. Includes 
brief bibliography. 


ELEKTRODYNAMIK. (Handbuch der Ex- 
petimentalphysik, by W. Wien and F. Harms, 
Bd. 11, Teil 1.) By G. Mie. Leipzig, Akademische 
Verlagsgesellschaft, 1932. 502 p., illus., 10x7 in., 
cloth, 45 rm.—A systemtic comprehensive presen- 
tation of the methods and apparatus used in the 
experimental study of electrodynamic phenomena. 
The magnetic field and the electric current, the 
dynamic effects of magnetic fields, and electro- 
dynamic fields are discussed. 


FIRST PRINCIPLES OF TELEVISION. 
By A. Dinsdale. N. Y., John Wiley & Sons, 1932. 
241 p., illus., 9x6 in., cloth, $3.50 —Not an attempt 
to describe every system of television that has 
been tried, but rather to present the principles that 
have led to present results and to describe the 
apparatus now in use. After briefly presenting the 
most outstanding proposals of early workers, 
attention is confined to the workers who have gone 
farthest—Jenkins, Baird and the Bell Telephone 
Laboratories. These systems are described in con- 
siderable detail. In conclusion, the present state of 
television in Germany, England, and America is 
discussed. 


FIXED NITROGEN. (American Chemical 
Society, Monograph Series No. 59.) : 
Curtiss) ON. Ys,, Chem: (Cat. (Cor; 517 D., 
illus., 9x6 in., cloth, $12. 00.—The product of a 
dozen authors, all past or present members of the 
Fixed Nitrogen Research Laboratory staff at Wash- 
ington. The main theme is exposition of scientific 
facts and theories of nitrogen fixation, and of the 
essentials of commercial processes to obtain and 
elaborate nitrogen compounds. An_ extensive 
bibliography is given. 


GENERAL TEXT ON AERONAUTICS. By 
H. F. Lusk. N. Y., Ronald Press Co., 1932. 420p., 
illus., 8x5 in., cloth, $3.25.—Presenting funda- 


. 623 p., 


mentals of aeronautics in form suitable for use in 
technical institutes, junior colleges, and aviation 
ground schools where students are in training for 
positions in the aviation industry. The principles 
of flight, construction of airplanes and engines, 
instruments used, piloting, meteorology, etc., are 
discussed in elementary fashion. good intro- 
ductory course covering information which the 
Department of Commerce expects airplane pilots 
to learn in ground schools. 


HISTORY OF EXPERIMENTAL PHYSICS. 
By C. T. Chase. N. Y., D. Van Nostrand Co., 1932. 
195 p., illus., 9x6 in., cloth, $2.25.—The book is 
devoted to the development of physics as an ex- 
perimental science from the days of Galileo. 
Attention is directed to history making, researches, 
and reasons given as to why these are of interest. 
Present developments are clearly described non- 
mathematically. The book supplies an interesting 
account of the gradual advance in this field. 


INTERNATIONAL TRADERS’ HANDBOOK, 
incorporating foreign and domestic weights, 
measures, and moneys. Phila., Commercial 
Museum, 1932. 175p., illus., 9x6in., paper, $1.50.— 
Useful as desk book for manufacturers engaged 
in trade with foreign countries, presenting in brief 
convenient tables, the essential facts concerning 
trade centers and ports, language, transportation 
facilities, regulations governing freight and parcel 
post shipments, weights and measures, and con- 
version of moneys. 


ORTSKURVEN DER STARKSTROMTECH- 
NIK. By G. Hauffe. Berlin, J. Springer, 1932. 
174 p., 10x6 in., cloth, 15.50 rm.—Here the method 
of complex quantities is systematically applied to 
the theory of locus curves, the book opening with a 
brief description of the method, followed by a 
concise summary of the necessary basic laws of 
electrical engineering. The application of the 
theory is illustrated by problems connected with 
oscillating circuits, air-core transformers, three- 
phase induction motors, and a-c. commutator 
motors. It closes with a systematic presentation 
of the general laws of the theory. 


OUTLOOK FOR TELEVISION. By O. E. 
Dunlap. N. Y. & Lond., Harper & Brothers, 1932. 
297 p., illus., 10x6 in., cloth, $4.00.—A book ‘‘to 
reveal the romance of television and its commercial 
possibilities; to record historically the evolution of 
a new era in radio science; and to explain its 
magic.’’ The development of all important ad- 
vances is traced chronologically and the various 
electrical systems, devices, and ideas used in the 
search for television are noted. Intended for the 
general reader, with the subject treated in a 
popular, non-technical style. 


POTENTIALFELDER DER ELEKTRO- 
TECHNIK. By F. Ollendorff. Berlin, J. Springer, 
1932. 395 p., 10x6 in., cloth, 32 rm.—A systematic 
course on the subject, intended to facilitate the 
solution of practical problems in electrical engi- 
neering. The opening chapters briefly summarize 
physical principles, after which the construction 
of potential fields is discussed at length. The 
latter half of the book considers boundary problems. 
Represents the course given at the Berlin Technical 
High School. 


QUANTITATIVE ANALYSIS. Biya 
Mahin. 4ed. N. Y. & Lond., McGraw-Hill, 1932. 
illus., 8x6 in., cloth, $4.00.—A popular text- 
book to provide a theoretical and practical dis- 
cussion to meet the needs of college students. 
Emphasis is placed upon the scientific principles 
that form the basis of practical methods of analysis. 
The book discusses the general processes, the 
special measurements used in laboratories, and the 
analysis of the common industrial products and 
raw materials. This edition has been revised 
throughout. 


Engineering Societies Library 
99 West 39th Street, New York, N. Y. 


Manton: as & public reference library 
of engineering and the allied sciences, this 
library is a cooperative activity of the national 
societies of civil, electrical, mechanical, and min- 
ing engineers. 


Resources of the library are available also 
to those unable to visit it in person. Lists of 
references, copies or translation of articles, 
and similar assistance may be obtained upon 
written application, subject only to charges suffi- 
cient to cover the cost of the work required. 


A collection of modern technical books is 
available to any member residing in North Amer- 
ica at a rental rate of five cents per day per 
volume, plus transportation charges. 


Many other services are obtainable and an 
inquiry to the director of the library will bring 
information concerning them. 


609 


ladustrial Notes 


The Okonite Company Promotes Offi- 
cers.—According to a recent announcement, 
H. Durant Cheever, former president of the 
Okonite Company, has been made chairman 
of the Board, while the position of president 
is now occupied by Frank Cazenove Jones. 
Mr. Jones was formerly vice-president and 
general manager of the company, while in 
the new position he holds the title of 
president and general manager. Both men 
have long been members of the Okonite 
organization, Mr. Cheever’s connection 
dating back for 44 years. Mr. Jones, who 
is also chairman of the Power Cable Group 
of NEMA, joined the Okonite Company 
after the war. His father, F. C. Jones, 
was manager of the Okonite factories. 


Hubbard & Co. to Manufacture Ohio 
Brass Line Hardware.—The Ohio Brass 
Company, Mansfield, Ohio, announces that 
it has disposed of its line of wood cross-arm 
hardware, wood guy-strain insulators and 
steel insulator pins to Hubbard and Com- 
pany, Pittsburgh, Pa. The latter company 
is licensed to manufacture and sell pole line 
hardware developed by Ohio Brass and 
protected by its patents. This is a manu- 
facturing and sales arrangement only, and 
there is no financial interest of either com- 
pany in the other. These materials, in the 
future, will be manufactured only by 
Hubbard and Company, although both com- 
panies will cooperate in the sale of the 
devices. Future development work on this 
class of materials also will be carried forward 
by both companies. Due to the specialized 
manufacture and engineering of similar 
materials by Hubbard, both companies ex- 
pect that users will benefit by this coopera- 
tive arrangement. 


Large Clock Contract to Warren Tele- 
chron Company.—Contracts for 2,650 syn- 
chronous electric clocks for three new 
government buildings were awarded the 
latter part of July to the Warren Telechron 
Company, Ashland, Mass. Approximately 
1,100 clocks will be installed in the Depart- 
ment of Justice building, 1,100 in the Inter- 
state Commerce Commission and Labor 
Department building, and 450 in the Post 
Office Department building. The recent 
installation of 875 Telechron clocks in 
the Internal Revenue building is one of the 
largest clock systems in the world. 


Special Electrical Machine for College 
Laboratories.—It is sometimes difficult for 
students of electrical engineering to under- 
stand the relationship between direct and 
alternating-current rotating machines. If 
these relationships may be studied in a 
single machine, the connections being 
changed for the different conditions, it is 
easier for the student to visualize the actual 
operation. The Electric Specialty Co., of 
Stamford, Conn., therefore, has developed a 
machine which enables the student of 
electrical engineering to study the opera- 
tion of the direct-current motor with and 
without commutating poles, the direct- 
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current generator also with and without 
commutating poles, rotary converters opera- 
ting from direct current to alternating 
current, or from alternating current to 
direct current, a-c. generators, and a-c. 
synchronous motors. The single machine 
may be used to illustrate the operation 
of all these types. Such a machine may 
also be equipped with exploring brushes for 
measuring the voltage between adjacent 
commutator bars in any position while in 
operation. A single conductor is also in- 
stalled through one of the armature slots 
with each end terminating on a slip-ring 
fitted with brushes. This development has 
been completed for machines normally 
rated from about 3500 to 7500 volt-amperes 
as rotary converters. Machines of this 
size are about as small as could be used in 
order to obtain satisfactory results on all 
the different types of machines, and also 
are not so large as to involve too much 
expense in operation. 


New Time Switch—R. W. Cramer & 
Co., Inc., 67 Irving Pl., New York, an- 
nounces a new type of Sauter synchronous 
motor time switch, gear operated. The 
new switch contains a self-starting, 200 
r.p.m. sub-synchronous motor constructed 
to assure accurate time keeping on systems 
where controlled frequency is used. It can 
be had with either astronomic dial to auto- 
matically operate the switch in step with 
local sunset and sunrise throughout the 
year, or a plain dial to control either one.or 
two complete operations in twenty-four 
hours. This switch is recommended by the 
manufacturer for use on alternating current 
circuits with regulated frequency. 


lene Litesmmnuse 


Overhead A-C. Network System.—Bulle- 
tin C 1944, 8 pp. Describes the new 
application of economical secondary low 
voltage networks to low density load areas 
fed by overhead lines. Westinghouse 
Electric & Mfg. Co., East Pittsburgh, Pa. 


Induction Motors.—Bulletin 112, 4 pp. 
Describes Reliance fully enclosed, fan 
cooled induction motors, type AA, form F. 
Reliance Electric & Engg. Co., Ivanhoe 
Rd., Cleveland, O. 


Stainless Steel Motor.—Bulletin, 4 pp. 
Describes ‘“‘Linc-Weld”’ type ‘“‘E”’ induction 
motor, totally enclosed, fan cooled, for use 
in dust or fume-laden atmospheres. The 
Lincoln Electric Company, Cleveland, O. 


Temperature Measurements in Electrical 
Apparatus.—Bulletin 871, 28 pp. De- 
scribes the method and instruments em- 
ployed in measuring temperatures in 


generators, transformers, and cable systems. 
Leeds & Northrup Co., 4901 Stenton Ave., 
Philadelphia, Pa. 


Squirrel Cage Motors.—Bulletin 174, 
Part 5, 6 pp. Describes Wagner multi- 
speed squirrel-cage motors. Installation 
photographs are included as well as outlines 
of the problems involved in connection 
with each application. The description 
covers constant-torque, constant-horse-— 
power and variable-torque motors, further 
classified as two-speed, three-speed, and 
four-speed motors. Wagner Electric Corp., 
6400 Plymouth Ave., St. Louis, Mo. 


Electrical Tape.—Pocket Bulletin, 16 pp. 
Describes a combination rubber tape and 
friction tape. The tape is made of fabric, 
completely imbedded in a unique rubber 
compound, and with a degree of adhesion 
and insulating value claimed to be far 
higher than ordinary tapes of this character. 
B. F. Goodrich Company, Akron, O. 


a 
Copper Wire and Coils.—Data chest 
bound in loose leaf cover and convenien 

for ready reference. These bulletins are 
said to be the most complete and authorita- 
tive published up to this time on the sub- 
ject. «Inca Mfg. Div., Phelps-Dodge ~ 
Copper Products Corp., Ft. Wayne, Ind. i 


Cedar Poles.—Pocket Bulletin, 100 pp., 
“WHandibook of Cedar Pole Specifications.” 
All available data on cedar poles is brought 
up-to-date in this new publication, featuring — 
the new American Standards Association 
specifications for both western red and 
northern white cedar poles, and the new © 
Western Red Cedar Association treating | ‘ 
specifications. To facilitate handy reference 
to the old pole specifications, these are also — 
included. MacGillis & Gibbs Co., 324 © 
East Wisconsin Ave., Milwaukee, Wis. . 


Oil Filled Cables.—Bulletin. The Oko- — 
nite-Callender Cable Company, Inc., a 
subsidiary of the Okonite Company out- © 
lines its new activity in manufacturing 
oil-filled, paper insulated cables. The com- 
pany’s factory at Paterson, N. J., is devoted _ 
to the production of impregnated Paper-— 
insulated cables of all types. In addition — 
to its regular business of manufacturing the © 
“‘solid’’ type of paper-insulated cables, its | 
laboratory and plant have also been fully 
equipped for making cables of the oil- 
filled type. The pamphlet points out re 
search and operating developments in 
extra-high voltage power transmission which | 
have led to the application of oil- filed 
cables for certain conditions of use. 
many underground plants, the oe eral 


needs for high operating voltages or ne | 


large conductors, without increasing the 
overall sizes of cables, have become impor- | 


tant problems. As some power companies 
already have costly conduit systems which | 
could not be enlarged or replaced without | 
excessive cost, the application of the oil- | 
filled cables may often present a feasible 
means of taking care of such conditions. | 
The relative operating characteristics of the || 
solid and oil-filled types are discussed in 

the bulletin and the subject matter should |} 
be interesting where such problems are |} 
existing, or where reviews of plant conditions 
indicate the need of revamping in the future, ! 
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